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Introduction. 



To The Teacmbk : 

In the preparation of this Manual the writer has endeavored to 

treat the subjects presented, in a simple yet forcible manner, avoid- 
ing, as much as pOBsible, technical terms. The iilustrationB given, 
outline the work that ehould be done in the class-room. The 
teacher should, and no doubt will supplement thes'i illustrations 
in many ways, presenting the subjects treated, step by step, in a 
thorough and yet attractive manner. 

The value of demonstrailen is no longer doubted, and in those 
schools where it is most used the best results follow. This is 
pre-eminently true in geographical and astronomical work. The 
Lunar Tellurian is designed to furnish the illustrations necessary 
to give the pupils a comprehensive understanding of the relation- 
ships of the earth, sun and moon. It is so simple in construction 
that the average teacher may use it to advantage after a few 
hours' study with the Manual. 

The teacher will find it advantageous to now and then assign a 
topic to one of the pupils, and require him to furnish clear and 
forcible demonstrations by use of the apparatus. 

The teacher's attention is particularly called to the section in 
which Prof E. Colbert, now scientific editor of the Chicago 
Tribune, and well known as a practical astronomer, treats the 
subject of Tides. His presentation is new, having reduced the 
abstracl to the amcretr. The author congratulates the readers 
upon being able to present an article from the pen of Prof Colbert, 
and here acknowledges obligations to that estimable and scholarly 
gentleman. 

The writer acknowledges his obligations to M. MacVicar, Ph. 
D^ of the Michigan State Normal School — than whom there is 
no better authority on mathematical geography — some of whose 
illuitrationg the writer hasembodied in this work. 
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Andrews' Tellurian Globe. 



Special Preliminary Notice 

Ar\d Explaqation of tf^e New ZONED TELLURIAN- 

This form I* Bold by ma Agvato odIt. 



M B.Bn^pe^£^<^®-,6hiaagd5t^ewTe9K. 



cirri. 

Dsnriptton Cul 1.— S An (bowing put of ntn'i oliflBmlermiDe. L Oeotnl 
nj oE BUJi- T Uoon boll, wltb Ulmnbuted ■!<)« toward inn, and Btudow toivard 
«vlb. OBtsm or rapport ot moon baa B fflrole of lUnmiliMlDQ. C Jolnlsd 
■n, to ahow twilight belt V Sooth Pols and •wkat Y Socket of lncUnatloD. H 
Sat scraw holdlDH In plane the am B and 0. X Uorabte arm, to give jearlf 
moElon. A Index ta show tlian of Bmniae and eunset. etc, ^ aleo latltade and 
longiCoda whan uaing globe tor KOORraphj. fi Oalandar Index ahowlng time 
of TearaalndioatedonEodlaoalbaeeorborlEon. K The equator. JTheeollptkL 
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DMCrilrtion Cut 2.— Thla 

lestml fflobe- TJieqiiailrantf or poJat«r A»ls^«wnlorliidiaaUiiglaC1tadauid 
lonsltude. The huid ehoirs tha mode al holding the moooa ball T when Btary- 
log it around the earth with lUumlQAted side toward mo. In UluitrarfDg pbatwti 

Since the second edition of the Manual was puhlishcd, im- 
portant changes have been made in the conHtructinn of the Tel- 
lurian Globb. To these we wish to call the especial attention 
of the reader, aa well as to some important points concerning the 
relations of the eerOi to the sun. which, if meatloned in the bodj 
of the manual at all, are likelj to escape notice on account of the 
general mode of presentation. 

The above cuts show the new form with zones in colored 
tints ; also, the moon ball aa detached, to be manipulated by the 
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The object of these preiim»B«ry pagei i», in part, to ^vt 
Oiose who have but & little time for the stody of Ibe TBLLtJRrAH 
Globe, a vety brief description, in clear outlines, of hoie to km the 
apparatus. The bodj/ of the Manual sh'^uld be studied by those 
who can find time to take up the particulurs, or solve the various 
problems presented, all which will be found very interealing, 
practical and instruciive. 

Noiice that Cut 1 shows the ordinary position or arrangement 
of Andrews' Tellurian, with attachments for practice. 

First, the Adjustment. 

The form of Tellurian (shown In preceding cuts), is so made 
Uiat at the 21st of June the sun's venical ray L mual point to the 
Tropic of Cancer on the globe, and the North Pole mutt be at 
midday, or on the meridian, whereas, hitherto it has beea neces- 
sary, when showing change of season, etc., to adjust the globe in 
order to get this position. In other words, the globe cannot now 
be put together out of place, hence is always right, and there can 
be no more puzzle as to adjustment It adjusts itself. 

Second, the Zones. 

The zones, Arctic and Antarctic Circles, are now distinctly 
shown on the globe by a separate but transparent, colored UuL 
This is a new idea and a great convenience. 

Third, the TriUght Belt no longer interferes with ob- 
servations, but can be shown at will, by turning up the arc Cj 
which is jointed for the purpose. 

JVuM-tft, the words, "Sun-rise" and "Bun-set" are now 
stamped on B^ the Horizon Circle, or Circle of Illumination; 
hence, it will be noticed that in the yearly revolution of the globe 
around Uie sun, it is constant sunrise at the one eAgt of this 
circle and constant sunsi't ut the other edge oppoBil«; also, that it 
is constant day on the sun side of the circle, and constant night 
time on the other ude, or the side opposite to the sun. 

Fifth, the Moon Ball T is not attached to this form of the 
globe, as all the phenomena can be as easily shown by holding it 
in the hand, and passing it around the globe at will. A convenient 
mode of manipulating the Moon Ball is to lake out the wire 
pointer L and pass it lUrough the liall up to the head ; then, by 
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holding the rod between thumb and flnger, the mnoD can be 
twirled, carried about the globe, or held In an; podtion desired 
(see Cut 2). 

Sixth, the Sun ii indicated bf the serrated brass arc (8). 
Instead of a ball^ which would require lo be many feet in diam- 
eter, in order lo hare it the proper size, relaUve to the globe. 

For Fractice 

Hace the globe on a level table, wiih ihe sign Cancer, or the 
difiaion mark indicating June 31 on the horizon or base, for cou- 
venlence, toward the north. Hove the arm X until tbe calendar 
index €) points to June 21, and stand so that tbe central vertical 
sun ra; L shall point from jou. If jou now move the arm X to 
the left, the globe will be going forward in the yearly orbit about 
the sun, as in nature. Keep the eye on the vertical ray L, and 
notice its position at the different months and days of month, as 
indicated on the zodiac circle by the calendar index 6. 

On June 21, you observe that tbe sun is directly overhead 
when at the Tropic of Cancer, or the upper edge of the Torrid 
Zone. We say "overhead," though the vertical ray on this 
tellurian is, forconvenience, horizontal, all points being, of couise, 
"overhead" from the center of the globe. 

The Eoliptlo.— Hove the globe ball on Its axis until the 
central raj L points nearly to the mouth of the Ounges, or the 
meridian of 90. 

If you now move the arm X, the ecliptic J will be traced by 
L; that Is, the sun will appear to travel in its natural path the year 

' ii the natural path so far as the heavens are concerned, 
! relates to the earth ; for, if you revolve the globe on its 
lunwillttacetheTroplcof Cancer instead of Uie eclipUc. 
Qge of Season.— Now when in the yearly orbit, L 
le southern boundary of the Torrid Zone, it will be the 
tcemiKT, or six months from our starting point, 
Dg this time the sun has passed, apparently, over forty- 
:rees (38i north and S3i south latitude). Thus a change 
has taken place, the north pole now being Vimedfrom 
and the south pole toteard the sun. Hence it is now 
ner in the southern, and mid-winter in the northern 
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Show tbat the inclinatioii of tho Eortli'a sxu U 
the mun oause of the ohange of season. 

Unscrew at B, and take oS tbe circle of illumination. Re> 
TOlve the globe in tbe jeailj orbit, and, as has been already 
BhowQ, the verLical ray of the sun passes, apparently, from one 
edge of the zone to the other, in a spiral path, passing over the 
whole distance, or forty-seven degrees. In six months. It will 
also be noticed that at June 31 the north pole Is inclined its ut- 
most toward the sun, while, at the same time, the south pole T Is 
inclined as far as possible from the sun, aud. that it is therefoifl 
mid-summer in the northern hemisphere, and mid*winter in the 
southern. Therefore, within six months, there has been an entire 
change of season, both in the noitbem and southern hemispheres. 
Now we notice that the ails of the earth la iaelined. This can be 
seen by taking out the screw at the north pole and slipping oft the 
globe, then revolving the arm X as before. Or, the inclination Is 
pMnly enough shown to most by colling attention to the relative 
position of the two poles, without removing the globe ball. Now 
lift off the globe wiihits axis, ^lace the other socktt IT) of the axis 
on tbe standard; then the axis will be perpendicular to the orbit. 
Now revolve again arm X to tbe right, and the sun's vertical ray 
wiU remain on the Equator (K) the year round, showing no 
change of season whatever ! 

Therefore, with the axis of the earth perpendicular, it would 
be constantly and unbearably hot at the Equator, and constantly 
cold toward the poles. Consequently, without the in^naticm of 
the axis, this earth would be a poor place for the human race to 
dwell. The inclination of the earth's axis from a perpendicular 
is, therefore, the direct cause of our beautiful change (or ex- 
change) of season, with the accompanying " seed time and har- 
vest." Tltere is no greater argument from "design" In nature 
than this. 

To ahotv why the sun ahinea in at your north 
window. 

The sun shines in at your north window on tbe 31st of June, 
or during summer, both at sunrise and sunset. 

Dampen one ude of an oblong piece of while paper about i 
inch by ^ inch in size; stick it on the globe at New York or 
Chicago, or any other point north of the equator, the long way of 
the paper pointing north and south. 
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This represents your house fronting to north (or south). 

Now move the arm to Juue Slat, and revolve the globe ball to 
sunrise or to sunset, and it will be seen that a ray from the sun 
would strike the north ude of the house at quite an angle. This 
beautiful illustration is shown very clearly by this globe. The 
phenomenon is, of course, owing to the inclination of the earth's 



How to show the Andrews Tellurian Globe. 

The following renuvke upon the Tellurian were hastily taksa 
down by a reporter, while one of our agents was giving la New 
York a hurried talk, showing this ineimcUve instrument ' There 
is no effort at ecientiflc discourse, but only to give a few headings 
from which, by a little study, one may make a successful show- 
ing. We would advise the careful perusal of some common 
school Astronomy, and a few factg in Bstronomy flnnly fixed in 
the mind. You can add to these facts from time to time as you 
like. The apparent motions and positioDS of the bodies are 
spoken of as retU in these rages; a statement that should be 
made to the hearers. 

GLOBES. 

Handling.— In tiandUng a globe, always hold it in the left 
hand, pointing to it with the right. 

Note the fact ttiat this is called a Tellurian globe, from Latin 
word meaning earth. 

We wish now to show the motions of the earth and its rela- 
tion to the Sim ; next, the phenomena produced by these motions 
and relations. 

The flrst thing necessary is to know the different parts of the 
Tellurian. The circle indicated by tlie arc 8, if complete, would 
make a ball about 6&1 feet in diameter, which would represent 
the sun. Let any large object, like a court house or large school 
house, represent the sun, and compare this large object with the 
earth ball; we would then have some idea of their relative sizes. 
The difference in size between the earth and the sun is about one 
million four hundred thousand ; the sun being the larger by so 
many times. The distance through the sun is over eight hundred 
thousand miles. The distance through the earth is eight thousand 
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miles. If the center of the bud should be placed at the center of 
tie earth, its rim, or surface, would reach nearly two hundred 
thousand miles beyond the moon. 

People will ask jou about the alara. It is well to show that 
^ the sun Is a star, and that it is a stac of the second or third mag; 
nitude, compared with Biriua, or Dog Star, wliich is of the 
flrat magnitude. We can see in the heavens, on a clear night. 
about three thousand stars; on the opposite side, three thousand 
more, ot course, making about sis thousand to be seen with the 
naked eye. With the aid of a telescope billions appear, and wo 
cannot enumerate them. Manf of these are suns very much 
larger than our sun. 



To show the moon, use the little ball, holding it in the hand. 
Now, note the lel&Uve sizes of these bodies: the earth is 49^ times 
larger than the moon. Suppose a man stood on the moon ; he 
would see the earth as his moon. It would move back and forth 
through space for about 14 days and then set. 

We are now through with the earth, moon and sun as regarda 

Different parts of the globe. 

We have a double circle; the first showing ntTvHie and mn- 
dBwn; the second divides the twilight from tetitl darkness, and is 
the tmiigkt circle. The space between the circles Is eighteen de- 
grees, or about 1,200 miles, and is called the twilight belt. 

On the circle of illumination are the words sMnrtBfl and mmset. 

The pointer L is intended to represent the vertical or direct 
rays of the sun. 

On the base of the globe are the signs of the Zodiac, the 
months of the year and days of the month. The calendar index 
indicates the days of the month, etc., as we move the arm. 

That part of the earth under the sun pointer shows where the 
direct ray from the sun it on the day indicated by the calendar 

The lines running north and south across the equator are 
called Meridians ot Longitude, because from Stem we reckon 
time. On the 20th of March, all points on any of these meridians 
pass under the sun-rise circle at the same time. 
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We will use Bmall pieces of wai, pladng them upon thu globe 
to repreaent men. 

Suppose we place two men, one at New York and the other 
on the same meridian ftt the equHtor, both persons coming to the 
iunrtip At the same time, on the 90tb of March ; they also come to 
the lun-down at the same time, as we see by hiovlng the earth on 
itiAsis. 

In speakiDg of tunriie and ruTUet, we mean the apparent and 
not the nal motion of tlio sun ; of the sun's position, we mean Its 
apparent position as indicated b; the bud pointer. The sun rises 
and sets to both persons at the same lime. Thej pass through 
night and come to the sun-up at the aamo moment. 

The night is equal all over the earth on the SOth of March, 
except light at the Poles. We have equal days and nlghla on the 
aOth of March. This thne is called the Spring Equlnoz. 

We wUl now move the arm of the calendar index from March 
90th through the months which follow in the calendar. The sun 
leaves the equator and goes north. On the S3st of June the sun 
is 3&i degrees north of the equator. Its light passes over the 
north pole 23} degrees, tmd f^Is to reach the south pole 'by the 
same number of degrees. 

We have been conudering equal days and nights ; we will 
' DOW coQ«der unequal dajs and nights. The man in New York 
pasdng into the «un-up before the one on the equator; the man on 
the equator comes to the mta-dimn before the one in New York. 
The day is longer in New York hj three hours or more. Pass 
throu^ the night in the same waj. The night is short«r in New 
York ; longer on the equator. The day and night circle culs the 
equator at oppodte pofnta during the whole of the year. The day 
increases in length on leaving the equator and going north. 

We will now note the comparative length of twilight. Twi- 
light is short on the equator, and Is longer to the man at New 
York, it taking longer to pass through the twilight belt at New 
York. We also pass through the twilight belt In the morning In 
the same way. 

We find in England, twilight remaining through the whole of 
the night In the summer time. During the winter it is short. 

At this point, turn the earth back to the 20th of March. Eng- 
land goes through twilight belt at right angles. Twilight is very 
short on the 20th of March in England. Show the twilight in 
England to be long at the BUt of June. 
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Continual Day at the JTorth Pole. 

Put the wax on Greenland, moying calendar index to ihe 2lBt 
of Juno. We And this wax in the sun light or day, duiiug the 
entire day of M hour*. The man at Greenland can see the sun at 
twelve o'clock at nlKht. 

Where does he see the huq at this time ? 

Place the finger on the aun, turn Greenland to midnight, and 
show that to see the sun he must look towanJ the north pole. He 
iB looking north. Show likewise that to see the buh in the day 
time, at twelve o'clock, he must look Houth, the north pole being 
north of him. This is at the aist of June, or the Summer Solstice. 
The sun is at the Tropic of Cancer (from (repo. to turn back, and 
Caneer, the Constellulion at which the sun turns back). 

Now note from the 2lBt of June to Ihe 23d of September. 
At the 23d of September the sun stands upon the equator aa it did 
on the 20th of March. The days and nighla are equal. We have 
the Autumnal Equinox, the sun crossing the line. This line is 
only imaginary, and the passing of the sun from one side to the 
other of it has nothing to do with storms at this time. 

The sun rises in Libia, or Balance ; so called because the days 
and nights are < qua). 

From the 2))<1 of September the sun goes south until the 21st 
ot December. The rays of light from the sun now extend 23} 
degrees beyond the south pole, but failing to reach the north pole 
by the sam:: number of degrees. Since the 2Ut of June, the sun 
pointer has passed over 47 d^reea, or over Ihe Torrid Zone. 

Since starting the globe at the 20lh of March, the earth has 
passed around the sun, making a natural division of time, or a 
year. The year is a natural division of time ; every person says 
lie is so many years old. 

While passiDg around the sun, that portion of the earth on 
which we live has met four changirs, which we call the seasons — 



^pllng, a 

We will place the calendar index at the 20th of March. Move 
Ihe arm on which the earth rests, and note the causes for the 
chungu of seasona. Spring continues until the 21st of June. The 
snn now turns, and from this until the 23d of September the sun 
goes back towards the equalcr, and we have summer. Now, go- 
ing nonth. the sun reaches the Tropic of Capricorn on the 22d of 
December; we have now had the Fall months of the year, or 
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autumn, 3^m thk, until the 20th of Haidi, the iun goes back 
to tbe equator, and we have hod winter. 

We have now noticed Ibe motion of the earth around the bud, 
and have taught the four divisioas of the seaaona. 

By moving this arm we have ehown the distribution of light 
and heat, necessary lo give Ihu four aeasons of the year. 

The clianges of aeasons arise from four cauaea or conditions, 
all of which are necessary to produce them. 

FXrat The earth's modon around the sun, or yearly motion. 
Hove tbe arm around tbe aun to show thia. 

Second. The enrth's motion upon its axis. This is shown by 
turning tbe earth upon its axis until any point, as New York ci^ 
for instance, rests under eunmt. Move the arm, now, and show 
that at New York tbe sun would appear to rise in the west, and 
ail months later set in the east. This would deatroy the change 
of seaaona. 

The third cause is the inctination of the earth's asis. Place 
the ball on the other socket. You find tbe sun standing all the 
lime on the equator. Hove Ibe arm around the sun, and turn tbe 
earth upon its axis, and show that without the inclination we 
could have no change of season. 

Turn the globe so that the north pole will point towards the 
north star, and move the arm around tbe sun. Show thai the 
north pole always points towards tbe north star. Thia ia the 
fourth reason or condition, and is called the Parallelism of the 
earth's axis. If this were not true, the sun would always ahine 
on the equator. 

We find the intelligence of tbe earth centered within tbe 
north temperate zone. 

Phases of the Moon. 

Take the sun pointer, and mn it through tbe little ball repre- 
senting the moon. Hold the moon between the sun and earth, so 
that tbe dark face is towards the earth. Show that the light 
passes from tbe sun to the moon, and is reflected back towards 
tbe aun. Place tbe wax upon tbe earth or globe. By moving 
the earth on its asis, the wax passes from tbe sunrise to tbe sun- 
set. To the wax man, tbe moon appears to rise with the sun and 
set with the sua ; passing from sunaet to sunrise, we have no 
moon, but a dark night. 

Move the moon to the west, and looking from the earth to 
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tlie moon at the suneeC, we can see only a little strip of the moon, 
or crescent, Its homa pointing toward the east except when on its 
back ; its homs tben point up. We can see, oft«n, at Otis time, 
the whole outline of the old moon, and say the new moon lies in 
the old moon's arms. This is caused hj the light passing from 
the sun to the e&rtb, from the earth to the moon, and from the 
moon back to the earth. 

Holding the moon at right angles wiih the sun, and to the 
sunset, always keeping tbe white face toward the sun to show 
phases, we find that a person looks over his head and sees the 
western half, or first quarter, of the moon. This is seen in the 
south, or Zenith, at or about Bttnset. 

Carrjing the moon to the opposite side of the eartb from the 
sun, tbe whole light of the moon is turned towards the eartli. 
Now move the earth upon Its axis so as to pass the wax through 
tbe night to sunrise. The whole face of the moon sliines upon 
the earth during the night. Carry the moon to the side of the 
globe, or sunrise, and show that the eastern half of its face ap- 
pears to us at its Zenith. It is in its last quarter, and is seen in 
the morning about the time the sun comes up. Move the moon 
fartJier; we can see the crescent of the moon in the east about the 
time the sun comes up, its homs pointing toward the west. 
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Lunar Tbllurian Manual. 7 

Preparatory Work. 

2%« study of the metho^l of adiusting and handling 
AlfDREIVS- TELLURIAN GLOBE in iUtutrtOinif 
and solving problema. 

Before using the globe in illustrations, the follo^ving 
points should be careiully studied. Each adjustment 
should be made familiar by actual practice. The teacher 
cannot he too particular on this point, as the power of 
any illustration depends largely upon the tact with which 
the piece of apparatus used is handled. 

Cut 1 on a preceding page represents the globe with 
all the attachments in position. Let every part be 
removed and replaced and set in the positions indicated 
again and ag^n, until everything required can be done 
with ease and rapidity. 

Be particular to notice the following suggestions : 

1, The arc -S represents the curvature of the surface 
of a ball which bears the same relation in size to the sun 
that the globe A bears to the earth. Hence by com- 
pleting the circle of which the arc ■S' is a part, and com- 
paring it with a great circle on the globe, we have a 
correct representation of the relative size of the earth 
and sun. 

i. The pointer Z. represents a line connecting the 
center of the earth and sun, hence, indicates the position 
of the only vertical ray of light or heat which comes 
from the sun to the earth. 

3. The circle B is used to indicate the line which sep- 
arates light from darkness ; hence is called the " Circle 
of Illumination," or " Daj- and Night Circle." 
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Oeneral DefinitionB. 

The following definitions should be made familiar 
before commencing the use of the globe. 

1. A Point is that which has position without mag- 
nitude. 

2. A Xiine is the path of a moving point. 

3. A Stra^ht Iilne is one which has the same di- 
rection throughout its entire length. 

4. A Curved Line is one which changes its direc- 
tion at every point. 

6. Parallel Iiines are lines which have the same 
direction, 

6> An Angle is the opening between twro lines which 
meet in a common point called a vertex. 

There are three kinds of angles, thus : 

0) (3) (8) (*) 

no Binia AngHt, Ont «[0iU AjvH*. (WuM Aa^. AinUe An(fii- 

7- When a line meets another line, making, as is 
shown (in 1), two eqttal angles, each angle is a Bight 
Angle, and the lines are said to be perpendicular to 
each other. 

8. An Obtuse Angle is an angle (as shown in 6 — 
3), that is greater than a right angle. 

9. An Acute Al^le is an angle (as shown in 6 — 
4), that is less than a right angle. 
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10. A Plane '* a surface traced by a straight line 
moving in the same direction. 

11, A CSrolO is a surface 
enclosed by a curved line, 
every point of which is 
equally distant from a point 
within called the center, 

12. A Ciroumferenoe 

is the line that bounds the 

In describing the lines on 
the surface of the globe, the 
word circle is used in place of circumference. When a 
circle proper is intended, the word "plane" is introduced. 




^iw-cifd*- 



13. A Degree is c 

'which the circutnferen 
divided. 



e of the 360 equal parts into 
of a circle is supposed to be 



Observe, the length of a degree varies with the site of 
the circle. 

14. The Diameter of a circle is a straight line pass- 
ing through its center and terminating at both ends in 
imference. 



16, The RadiUB of a circle is any straight line ex- 
tending from its center to the circumference. 

16. A Sphere is a solid or volume bounded by a 
curved surface, such that all points in it are equally dis- 
tant from a point within called the center. 
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"" ' - Observe the point e. in the 

cut in the margin, is the center 
of a sphere of which c 6 d w 
the lower half. 

' 17. The Diameter of & 

sphere is a straight line passing 
through its center and termin- 
ating at both ends in the sur- 
face. 
In the cut, ab and cd are diameters. 

18. The Radius of a sphere is a straight line drawn 
from the center to any point in the surface. 

In the cut, ce, fe, ae, ge and de are radii. 

19. A Great Circle of a sphere Is one whose plane 
passes through the center of the sphere. 

Hence the planes of all great circles divide the sphere 
into two equal parts. Each part is called a Hemisphere. 

20. A Small Circle of a sphere is one whose plane 
does not pass through the center of the sphere. 

Hence, the planes of all small circles on a sphere di- 
vide the sphere into two unequal parts. 

21. The Axis of the Earth is that diameter on 
which it rotates once in twetity-foiir hours. 

22. The Poles of the Earth are the two points on 
its surface at the extremities of its axis. 

23. The North Pole is the Pole directed to the 
North Star. The SOUth PolC is the opposite extrem- 
ity of the axis, 
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24. The Equator is a great circle midway between 
the polea whose plane is at right angles to the axis of the 
earth. 

25. The Parallels of Latitude are small circles 
parallel to the Equator. 

28. A Meridian is a semi-circle extending hrorn 
Pole to Pole. 

27* The Iiatitude of a place is its distance in de- 
grees north or south of the Equator. 

Places north of the Equator are said to be in North 
Latitude^ and places south in South Latitude. 

28. The Longitude of a place is its distance in de- 
grees east or west of a given meridian called the J^irst 
or Prime Meridian. 

The meridian of the Royal Observatory at Greenwich, 
England, is commonly employed as the Prime Merid- 
ian. The French use the meridian of Paris ; the Ger- 
mans that of Ferro, one of the Canary Islands ; and 
Americans frequently use that of Washington. 

29. The Tropic of Cancer is a parallel of latitude 
23j4 degrees north of the Equator. 

30. The Tropic of Capricorn is a parallel of lati- 
tude 235^ degrees south of the Equator. 

31. The Orbit of the Earth ia the path in which it 
moves round the sun. 

Observe, the plane of the eartiCs orbit is the plane m 
which the orbit is described. 



,.,.d.i. Google 



13 Tellurian Manual. 

32. The Zonee are broad belts or divisions of the 
earth's surface bounded by the Tropics and Polar Circles. 

These four lines divide the surface of the earth into five 
zones or belts known as the Torrid Zone, the two Tem- 
ferate Zones, and the two Frigid Zones. 

The width of the Zones depends entirely upon the in- 
clination of the axis. The width of the Torrid Zone is 
double the inclination of the axis (33i^ degrees), or 47 
degrees. The width of the Frigid Zone is equal to the 
inclination. The Temperate Zones embrace 'whatever 
surface lies between the Tropics and Polar Circles (43 
degrees). If the inclination of the axis were 30 degrees* 
as in the case of the planet Saturn, the Zones would be 
as follows : 

Torrid Zone, double the inclination, 30° or 60" 

Frigid Zones, each equal to the inclination, 30° or 60" 
Temp. Zones, each equal to the inclination, 30" or 60° 
Total degrees from pole to pole, - - 180° 

33. The Ecliptic is the sun's apparent yearly path 
through the fixed stars, or the earth's real path or orhii, 

34. The Zodiac is a belt of the heavens 16 degrees 
wide, lying 8 degrees on each side of the Ecliptic, within 
which the sun, moon and planets are seen to move. 

This belt is divided into twelve equal parts called 
Signsofthe Zodiac. These divisions, with their names, 
are represented on the base of the Lunar Tellurian. 

36. The Equinoctial or Celestial Equator is 

a great circle of the Celestial Sphere directly over the 
terrestrial equator, and hence is in the same plane. 



,.,.d.i. Google 



Tellurian Manual. 



36. The Equinoctial foints or Equinoxes are 

the points where the Ecliptic crosses the Equinoctial. 

The point which the sun passes in March is called the 
Vernal Equinox^ and that which he passes in September 
the Autumnal Equinox. 

37. The Solstitial Points or Solstices are the 

two points where the sun is farthest from the Equinoctial. 

The point north of the Equinoctial is called the Sum- 
mer Solstice, and the one south the Winter Solstice. 

38. The Declination of a heavenly body ts its dis- 
tance north or south from the Equinoctial. 

Declination corresponds to terrestrial latitude. 

39. PeriheUon is the point in the earth's orbit 
nearest to the sun. 

40. Aphelion is the point in the earth's orbit far- 
thest from the sun. 

41. Befra>Otion in Astronomy is the change of di- 
rection which the rays of light undergo in passing through 
the atmosphere. 

This may be illustrated to a class by placing on the 
btackboard a diagram ; thus, 
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F B E F 

Let S represent the sun, D the earth, and F and E 
two strata of the atmosphere of which E is the more 

Ask the pupil to observe, 

(a) That if a ray of light from 5 enter the stratum F 
at 3, it will be bent toward the perpendicular 3b« and 
enter the stratum E at 2. The stratum E being more 
dense than the stratum F, it is again bent toward the 
perpendicular Sa^and strikes the surface ofthe earth at I, 

(3) That the atmosphere is not made up, as represented 
in the diagram, of separate strata of different densitiei, 
but becomes gradually more dense the nearer it is to the 
surface of the earth. Hence, the rays of light in passing 
through the atmosphere curve gradually toward a per- 
pendicular to the surface of the earth from the point 
where they enter the atmosphere. 

(c) That there is no refraction when a ray of light 
strikes the atmosphere perpendicularly, as shown by the 
line Iz, and that the more obhquely a ray enters, the 
greater the refraction, as shown by the line 13 8. Hencei 
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light coming from any heavenly body in our zenith, un- 
dergoes no refraction, and as a body moves from the 
zenith to the horizon, the refraction increases. 

(d) That since all objects are seen in the direction in 
which the light from them falls upon the retina of the 
eye, the sun 8 in the diagram is seen by an observer at 
1 in the direction of 81. In consequence of this effect 
of refraction no heavenly body, unless in the zenith, is 
seen in its real position. 

In the case of the sun and moon, the amount of refrac- 
tion at the horizon is a little greater than their apparent 
diameters. Hence, in rising or setting, they appear 
above the horizon when they are actually below it. 

42. The BadiatiOn of heat with reference to the 
earth Is the emission and diffusion of heat from its surface 
into the atmosphere. 

Ask the pupil to observe, 

(a) That during the day the surface of the earth is 
heated by the rays of the sun. 

(6) That when the sun sets the earth radiates its heat 
into the atmosphere ; hence, the change in the tempera- 
ture before the sun rises. 

In the summer season the earth's surface absorbs or 
takes in more heat from the sun during the long day than 
it radiates or gives out during the short night, the tem- 
perature must for this reason rise. When the sun leaves 
us and goes south our days shorten and nights lengthen, 
during which absorption diminishes, radiation increases, 
and the temperature is correspondingly lowered. 

The blacksmith puts the horseshoe into the forge that 
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it may absorb heat until it gets soft, so that he can easily 
shape it upon the anvil ; while working with it the shoe 
radiates heat, getting thereby more and more difficult to 
work. It must soon be replaced in the forge again to 
absorb the required quantity of heat to be easily and 
economically wrought ; when the smith is through with 
the shoe he drops it into his tub of water that it may 
quickly radiate the heat and be ready to nail to the 
horse's hoof. 

DiBtributioa of Light and Heat 

To Illustrate the difference between the Sun's Ver- 
tieal and ObUgue Rays, 

Take two pieces of cardboard about a foot square. In 
the center of one of them cut a round hole about one 
inch in diameter ; hold this one up to the sun at a right 
angle to the rays, so that the light will pass through the 
opening ; place the other piece about a foot behind the 
first and parallel to it ; ask the pupils to observe that the 
sunlight passing through the inch opening falls upon the 
second piece vertical to it, and covers a like surface of one 
inch. This illustrates how the sunlight, falling verti- 
cally upon the earth, covers a surface eqttal to the volume 
of such light. 

Change the position of the back piece of cardboard 
slnwly, so that it will not be parallel to the first, and ask 
the pupils to observe that while no more sunlight passes 
through the opening in the Jirsi cardboard than in the 
other illustration, yet that amount is spread over ^greater 
surface on the second piece, owing entirely to the fact 
that it now falls obliquely ; whereas, in the first instance, 
it fell vertical to the surface of the cardboard. This jllus- 
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trates how the sunlight, falling obliquely upon the i iiliri 
surface, covers a space gratier io u'en Aian the volume 
of theliglil. Observe also, that the ^reo/er the obliquity 
the greater the space covered. 

Remove the second piece of carclboard, and put thn 
globe in its place in such a manner that the sunlight ad- 
mitted through the first cardboard shall fall vertical to 
the surface upon the equator. Observe that the area of 
light on the surface of the globe is about equal to the area 
of the hole admitting the light. Raise the cardboard bo 
that the sunlight will fall upon the 40th parallel of north 
latitude, and observe that while no more sunlight is ad- 
miitedy it covers a much greater area, and must be less 
intense there than on the equator where the sun was 
vertical. In the same manner ph.ce the sunlight on the 
60th parallel, and observe the greater obliquity and the 
greater area covered. Call special attention to the fact 
that the curvature of tie globe is the only cause of the 
rays in the higher latitude being more oblique than they 
are in the lower latitudes. 

Observe, thai vihat is true of a small globe and a por- 
tion of sunlight, is true of our earth as a sphere, and 
the greater volume of sunlight.' 

Thus we find — 

I, That the nearer the vertical sun, the more intense 
the light and heat ; and the Jhrther from the vertical 
sun, the less intense the light and heat. 

The cause of the heat of summer and cold of winter 
is not more due to the angle at which the rays of sun- 
light strike us, than to the relative lengths of day and 
night at these seasons. In midsummer we are about Ifi 
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hours in sunlight, wherein ^ve Hre ^vanning, and about 
9 hours are turned away in darkness to cool, while in 
midwinter yve have about 9 hours of sunlight and 15 
hours of darkness. As we depend upon sunlight for 
heat, it follows that the temperature must rise in summer 
and fall in wtnter,owing to the longer and shorter periods 
of sunshine at these respective seasons. 

S, That only one-half of the earth's sur&ce can at 
any time, be exposed to the sun's light and heat This 
half is called the Illuminated Hemisphere, 

Rotate the globe on its axis from loest to east 10 de 
grees, and ask the pupUs to observe, in case the earth 
moves in like manner : 

{a) That a distribution of light and heat will have 
taken place. 

{h) That the vertical rays of the sun will have been 
carried loestioard 10 degrees upon the earth's surface, 
owing to this rotation to the east ^ or, the sun's vertical 
ray will have been distributed east and west 10 degrees. 

(c) That the boundary of sun's light and heat will have 
been carried westivard from 90 degrees west longitude 
to lUO degrees, and that all places situated between these 

•Note.. — If convenient, place a convex lens over the aperture in 
the cardboard ; place the second board behind, as directed in the 
first instance, and at such a distance as necessary to make the 
converging rays cover the least possible surface | hold the sunlight 
upon the same point for a few moments ; and if the lens is a good 
one, combustion will ensue at the point of contact, thus illustrat- 
ing the intense heat produced by reducing the space covered by a 
given portion of sunlight. The intensity of solar heai W inva-atfy 
froportional to tie s^ate covered by a given velujne. 
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meridians will have been by this distribution brought 
tTiio the illuminated hemisphere, 'while those places situ- 
ated between the 90th andSOth meridians east longitude 
will have been carried out of it. 

((Q That the Day and Night Circle is parallel with 
the meridians as they pass under it. 

Rotate the globe once upon its axis trom west to east, 
and ask the pupils to observe : 

(a) That by reason of this rotation the sun has crossed 
every meridian and returned to the place of starting. 

(i) That every meridian has passed through the illu- 
minated and the dark hemispheres. Hence, one com- 
plete distribution of light and heat east and toesi has 
taken place, being produced by the rotation of the earth 
upon its axis. As the earth turns once upon its axis daily, 
there must occur a daily distribution of light and heat 
east and west upon ike earth's surface. 

(c) That when the sun is vertical to the equator, as on 
March 20th and September 33rd, the light and heat of 
the sun is equally distributed in the north and south 
hemispheres. 



To produce a distribution of the sun's light and heat 
upon the earth's surface, the earth or sun must change 
their position in respect to the other. This necessitates 
a movement, and without a movement no distribution 
can take place. 

It is very necessary that the pupils get a clear concep- 
tion of this subject and tnaster it, as upon the distribution 
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of light and heat depend the succession of day and nig-ht, 
the twilights, change of seasons, and, in fact, our very 
existence. 

Bring the calendar index to the 30th of March ; rotate 
the globe upon its axis until the sun is vertical to the 
^rime meridian, and ask the pupils to observe : 

(fl) That the sun is vertical to the equator. 

(b) That the sun's light and heat extends north and 
south from pole to pole, as shown by the Day and Night 
Circle B. 

(c) That the sun's light and heat extends east and 
■west of the prime meridian 90 degrees, as shown by the 
Day and Night Circle B. 

To Xlhutrate the Distribution of Light and Heat 
on the 2 tat of June. 

Bring the calendar index to the 21st of June, and ask 
the pupils to observe : 

(a) That the sun is vertical to the Tropio of Cancer, 
Z3}4 degrees nortA of the equator. 

(i) That the Illuminated Hemisphere now extends 
23j^ degrees beyond the north pole, and that it fails to 
reach the south pole by the same number of degrees. 

(c) That the place upon the earth's surface where the 
vertical ray falls, is the center of the Illuminated Hemi- 
sphere, and that any change in position of this point pro- 
duces a Hie change in the Illuminated, and an opposite 
change in the Dark Hemispheres. 

(rf) That on June 21st the light and heat of the sun is 
unequally distributed in the north and south hemispheres ; 
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that the Illuminated Hemisphere predominate! north of 
the equator, luid the Dark Hemisphere predominates 
south of it. 

Rotate the globe upon its axis, and ask the pupils to 
observe : 

(a) That the vertical sun traces the Tropic of Cancer. 

{6) That as the earth rotates upon its axis, in this man- 
ner, alt places within the Arctic circle will remain in 
sunlight, while corresponding places within the Antarctic 
will remain -without sunlight. 

(c) That from the 20th of March to the 21st of June, 
the vertical sun has been carried north 33^ degrees, or 
that a north and south distribution to the extent of 23^ 
degrees has taken place. 

To Illustrate the IHstrtbiOion of lAght and Heat 
on the 23d of September. 

Bring the calendar index to the 33d of September ; 
this illustrates the relationship that exists between the 
earth and sun on that day. Ask the pupils to observe : 

(a) That the vertical sun has, from the 21st of June 
to the 23d of September, been carried south from the 
Tropic of Cancer to the equator ; and that the Illumin- 
ated Hemisphere has been correspondingly changed, so 
that on September 33d, the sun's light and heat is again 
equally distributed in the north and south hemispheres) 
and extending from pole to pole, as on March 30th. 

{h) That ^vhatever distribution 'was sho'wn, or what- 
ever observations could be made on March 20th, are 
again reproduced on September 23d. 
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Bring the calendar index to the 32d of December, and 
ask the pupils to observe : 

(a) That the sun is vertical 33^ degrees soutA of the 
equator. 

{i) That the Illuminated Hemisphere now extends 
83j^ degrees beyond the soufA pole, and that it fails to 
reach the north pote by the same number of degrees. 

(c) That, on December 33d, the light and heat of the 
sun is again unequally distributed in the north and south 
hemispheres, and that the Illuminated Hemisphere pre- 
dominates soulk of the equator, and the Dark Hemi- 
sphere predominates north of it. 

Rotate the globe upon its axis, and ask the pupils to 
observe : 

(o) That the vertical sun traces the Tropic of Capri- 

(J>) That as the earth rotates upon its axis in this 
manner, all places within the Antarctic circle remain in 
sunlight, while corresponding places within th« Arctic 
circle will remain -without sunlight. 

(c) That from the %M of September to the 22d of 
December the vertical sun has been carried south 23j^ 
degrees, or that a north and south di|tribution has taken 
place. 

Bring the calendar index slowly to starting point 
(March 30th,) and observe : That the vertical sun is 
carried from the Tropic of Capricorn to the equator, the 
place of beginning; and that a north and south distribu- 
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tion of the sun's light and heat has taken place from the 
equator to both tropics and return, and that the time 
necessary to do this is one year ; and, as the vertical ray 
is distributed, so must all other rays that touch th« 
earth's surface he affected. 

Thus we see that there is a double distribution : east 
and west daily, and north and south annually. 



1. The daily distribution east and west is caused by 

the daily rotation of the earth on its axis. 

3. The annual distribution north and south is caused: 
{a) Sy the revolution of the earth in its orbit around 

the sun. If the earth remained fixed in its orbit, and 

revolved upon its axis, but one distribution could take 

place — the daily. 

{b) £y the inclination of the earths axis. Notice that 
on the 20th of March the axis is inclined 33^ degrees, 
but that the inclination is neither to nor Jrom the sun, 
and that the sun is then vertical to the equator. Notice 
that on the 21st of June the north pole is inclined to the 
sun the full inclination of 23;^ degrees, and for this 
reason the sun is vertical the same number of degrees 
north of the equator. On December 22d, the north pole 
is inclined from the sun the full inclination, this bring- 
ing Capricorn under the sun. Erect the axis by sup- 
porting the globe on the other socket, call the pupil's 
attention to the fact that the equator and the ecliptic 
now lie in the same plane. Revolve the earth around 
the sun and observe that the vertical ray falb constantly 
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upon the equator ; without an incUnatioa no auDual 
distribution of light and heat could take place. 

(c) By the parallelism of the eartKs axis. The axis 
is said to be parallel, because it points continually to the 
same part of the heavens : thus, the north pole points 
constantly towards the North Star, while the earth re- 
volves around the sun. Revolve the globe around the 
arc S and observe that the axis points constantly in the 
same direction. This is true of the earth and all the 
planets as they revolve in their several orbits. This is 
termed the parallelism of the axis. 

ESqual Daya and Jfights, 

1. Bring the calendar index to the ^tb of March, 
and ask the pupils to observe : 

{a) That the Day and Night Circle B divides the 
earth into two divisions — day and Night : that all places 
on the side of this circle next to the sun have day, while 
those places on the opposite side have night. 

(b) That at this season of the year the sun is vertical 
to the equator, and the Day and Night Circle is parallel 
to opposite meridians. 

(c) That in this position the Day and Night Circle 
divides every parallel of latitude, from pole to pole, 
into two equal parts. 

Rotate the globe slowly upon its axis, and ask the 
pupils to observe : 

{a) That all places upon a given meridian enter the 
sunlight at the same moment. 

(j) That one-half a rotation on the axis carries these 
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places through the Illuminated Hemisphere, where they 
pass beyond the Day and Night Circle, when the day 
ends and night begins. 

{c) That one-half a rotation carries these places from 
sunset to sunrise. 

Thus we see that on March 20th, the days and nights 
must be equal all over the earth's surface. 

Bring the calendar index to the 23d of September, and 
ask the pupils to notice that the same condition that ex- 
isted on March 20th, again exists, with the same result — 
equal days and nights. 

Unequal Days and Nighta. 

Bring the calendar index to the 21st of June, and ask 
the pupils to observe : 

(«) That the sun is vertical 231^ degrees north of the 
equator, and that the sunlight extends 23>^ degrees 
beyond the north pole, and fails to reach the south pole 
by the same number of degrees. 

{b) That the Day and Night Circle no longer divides 
the parallels of latitude into equal parts, but into two 
unequal parts ; and that north of the equator ihe greater 
part of every parallel is in the sunlight, and the lesser 
part in darkness ; while south of the equator the lesser 
part is in sunlight, and the grtater part in darkness. 

(c) That the entire parallels within 23^ degrees of 
the north pole are now in constant day, while those 
within the same distance of the south pole are in con- 
tinual night. 

Rotate the globe on its axis, and ask the pupils to 
observe : 
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{a) That no sunlight or day reaches that portion of 
the earth's surface within the Antarctic circle, although 
the earth may revolve upon its axis. 

(i) That the entire area of the earth's surface within 
the Arctic circle, is not carried oul of the sunlight by the 
rotation of the earth upon its axis. 

(c) That the Day and Night Circle cuts the epuUor at 
opposite points, and that there the days and nights are 
equal. 

{d) That, as you proceed north from the equator to 
the Arctic circle, the days increase in length gradually 
from 13 hours at the equator, to 34 hours within the Arc- 
tic Circle. 

{e) That, as you proceed south from the equator to the 
Antarctic circle, the days decrease in length gradually, 
from 12 hours at the equator, to hours within the Ant- 
arctic Circle. 

Bring the calendar index to the 32d of December, and 
ask the pupils to observe : that what was true of the 
northern in yune, is now true of the southern hemi- 
sphere in December. Thus it is evident — 

1. That when the sun is upon the equator, the days 
and nights are everywhere equal, 

2. That when the vertical sun is one or more degrees 
north or south of the equator, continual day must exist 
around the pole nearer the sun, and continual night must 
exist around the pole farther from the sun ; the extent 
of this area of continual day and night depending upon 
the distance of the vertical sun north or south of the 
equator. 
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3. That the days and nights at the equator must al- 
■u/ays be equal. 

4. That as you depart from the equator, the variation 
in the length of day and night increases, and as you ap- 
proach the equator the variation becomes less : the max- 
imum variation being in the polar, and the minimum in 
the equatorial regions. 

5. That the length of any day upon any parallel of 
north latitude, is equal to the night following on the cor- 
responding parallel of south latitude. 

NoTB. — In this work we regard day as the time when the sun 
ie^rvMn/, and night ag the time when he is oAjcn/. Night does 
not necessarily mean darknets. Night begins at aunset and ends 

The Sitn'a Apparent Path. 

Bring the calendar index to the Slat of June, rotate 
the globe on its axis until the Ecliptic marked upon the 
globe is brought under the vertical Sun. Move very 
slowly the calendar index through the succeeding months 
until it again comes to the 21st of June, and ask the 
pupils to notice that the vertical sun traces the ecliptic 
and if the earth had no daily rotation on its axis, that the 
ecliptic would mark the true path of the Sun upon the 
earth. 

Rotate the earth upon its axis and ask the pupils to 
observe that the Sun traces the Tropic of Cancer^ and 
that if the sun should leave behind it a thread of light> 
that thread would lie upon the tropic. Move the calen- 
dar index to the 23d of June, and rotate the globe upon 
its axis, and notice that the sun traces a line parallel to 
the Tropic of Cancer, but about "^ of a degree south of 
it. In the same manner proceed with several days in 
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succession and observe that by reason of the rotation of 
the earth upon its axis and the movement forvtrard of 
the earth in its orbit at the same time, the path of the 
vertical sun will be a continuous line running from east 
to west, and winding south from Cancer to Capricorn, 
and returning during the year, much as a thread is wound 
upon a spool. 

Change of Seasons. 

To produce what is called a change of season at any 
place, more solar heat must fall upon that place during 
one part of the year than at another. Within the tropics 
the amount of heat received from the sun is nearly uni- 
form throughout the year, so that very little change of 
season takes place ; the greatest changes occurring in 
the higher latitudes. 

Bring the calendar index to the 20th of March and 
ask the pupils to observe : 

(a) That the light and heat of the sun are equally dis- 
tributed in the north and south Hemispheres. 

(J) That if the earth remained fixed in its orbit and 
was rotated upon its axis, there could be no change of 
seasons. 

Bring the calendar index to the 31st of June and ask 
the pupils to observe : 

(a) That the sun is now vertical to the tropic of can- 
cer, and that the sun's light and heat is unequally dis- 
tributed in the north and south hemispheres, the north 
hemisphere having the greater and the south hemisphere 
the lesser amount. 
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(J) That owing to this inequality the north hemisphere 
is having its greatest amount of light and heat, its 
warmest season or Summer, and that the south hemi- 
sphere is having its coldest season or Winter. 

Bring the calendar index to the 23d of September and 
ask the pupils to observe that the light and heat is again 
equally distributed north and south of the equator as in 
March 20th. 

Bring the calendar index to the %2d of December and 
ask tiie pupils to observe that the sun is vertical to the 
tropic of Capricorn, the sun's light and heat being again 
uneqally distributed in the north and south hemispheres, 
the south having the greater and the north the lesser 
amount ; and that at this time in the year the south 
hemisphere is having the warmest season or Summer, 
while ill the north it is in the coldest or Winter season. 

Bring the calendar index to the 20th of March, and 
observe that the sun is brought to the equator going 
north and that as it crosses, Spring begins in the north 
and Autumn or Fall begins in the south hemisphere. 

The Causes that produce the Change of 
Seasons. 

The change of seasons is produced by, 

(a) The revolution of the earth in its orbit around the 

(i) The inclination of the earth's axis to the plane of 
the orbit. ' 
(c) The parallelism or fixed position of the earth's 
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(d) The rotation of the earth upon its axis. 

To illustrate that the rotation of the earth upon its 
axis is one of the causes that produce the changes of sea- 
sons as they now exist : bring the calendar index to the 
30th of March, mark the point upon the equator where 
the sun is vertical at that time ; now move the calendar 
index slowly through the succeeding months of the year 
until it is again vertical to the same point. Call the 
pupil's attention to the fact that if the earth did not 
rotate upon its axis the sun would require one year to 
cross all the meridians fmce^ and that in this case it 
would cross them from west to east instead of from east 
to west; that the sun would in that event rise in the west 
and set in the east, and our day and year would be of 
the same length ; and, that if this were true, the side of 
the earth towards the sun would be parched by the ex- 
treme heat, while the opposite side would become frozen 
and lifeless. So, if the earth did not rotate on her axis, 
no changes of seasons as they now exist could take place, 
nor in fact could animal or vegetable life as now con- 
stituted endure the extremes of heat and cold to which 
they would be subjected. 

TwilightB. 

The aro O (Oat 1) must now be turned np perpendioulaily. 

To show how the sun after going below the horizon 
continues to give reflected light, and hence, produces 
twilighL 

The molecules of which the atmosphere is composed, 
reflect the light they receive from the sun, and by the 
light so reflected, objects are seen in the absence of direct 
sunlight. The atmosphere is capable of thus reflectmg 
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light a mean distance of 18 degrees of a great circle. 
Call the pupils' attention to the fact that the sun gives 
direct light from the point where he is vertical to the 
Day and Night Circle B, and that the indirect or reflected 
light extends to the circle C, and that the space between 
these circles is called the Twilight Belt. Hence the 
earth's surface as regards light is divided into three sec- 
tions : 1. A hemisphere of direct light. %. A belt 18 
degrees wide of reflected light or twilig'ht. 3> The re- 
maining portion without light. 

To lUuatrate the TwUight on the 20th of Mareh, 

Bring the calendar index to the 20th of March. Call 
the pupil's attention to the fact that there are two twi- 
lights, Evening and Morning ; that the evening twilight 
deepens into darkness, while the morning twilight bright- 
ens into sunshine. Rotate the globe upon its axis and 
ask the pupils to observe : that places upon the earth's 
surface must cross the twilight belt twice in every 24 
hours. Rotate the globe sloiwiy upon its axis and ask 
the pupils to observe : that all places upon the same 
meridiim from pole to pole pass (Wo evening twihght at 
the same instant, but that those places located near the 
equator pass out of twilight_;frj;, and that the higher the 
hititude the longer the twilight continues. This varia- 
tion is due : 

IsL To the fact that at the eqnator the earth rotates 
/aster than it does near the poles, for the same reason 
that the outer part of a wagon wheel turns faster when 
the 'wagon is in motion, than the hub. 

2d, This variation is partially due to the fact that 
places near the equator are carried across the twilight 
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belt in a straight tine, and at right angles to it : while 
near the poles places enter the twihght at right angles 
with the first circle and cross the belt not in a direct line, 
but travel on an arc of a circle passing obliquelj across 
the Jccimi/ circle. 

From this we see that places in the higher latitudes 
must travel farther to cross the twilight belt, and at the 
same time, ihuch slower than those places situated near 
the equator. 

Locate upon the map of the globe the place where 
you are situated, rotate the globe upon its axis and ask 
the pupils to note carefully the manner this place is 
carried across the twilight belt. This illustrates the twi- 
lights on the %Oth of March, for that place. 

To JUtwfrafe (Ae TwUigMa on the Stst of June, 

Bring the calendar index to the 21st of June and ask 
the pupils to observe : 

(a) That the twilight belt no longer conforms to the 
meridians, and that no two places upon the same meri- 
dian enter the evening or emerge from the morning 
twilight at the same moment. 

(i) Those places that in March cross the twilight belt 
at right angles to it, now cross it obliquely, so that the 
twilights for these places must be longer In June than in 
March. 

(c) That the obliquity is least at the equator, and in- 
creasing as the latitude increases. 

Locate upon the map of the globe the place where 
you are located, rotate the globe upon its axis and ask 
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the pupils to observe that this place is carried across the 
twilight belt more obliquely than in March, and that the 
twilight must be of longer duration. 

To lOuatrate the TwOight on the 23d of September. 

Bring the calendar index to the SSd of September, ex- 
amine the twilight in the same manner as upon the 30th 
of March, and ask the pupils to notice that all the facts 
are the same as were observed at that date. 

To Illustrate the TiHUght on the 22d of December. 

Bring the calendar index to the 23d of December, and 
ask the pupils to notice that places upon the earth's sur- 
face are carried across the twilight belt obiquely substan- 
tially as in yune. 

Compare the twilights of any place* at different dates 
by use of the globe, taking the 31st of June as the basis 
of comparison, and repeat the comparison until the pu- 
pils see clearly, 

(fl) That on the 31st of June the given place crosses 
the Twilight Belt more obliquely than on either of the 
other dates, and hence the longest twilight. 

{h) That on the 30th of March and 23d of September, 
the path of the given place across the Twilight Belt is 
the same, and less oblique than at either of the other 
dates, and hence the shortest twilight. 

(c) That on the 32d of December the given place 
crosses the Twilight Sell less obliquely than on the 21st 
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of June, and more obliquely than on the 30th of March 
and 23d of September. Hence, a mean twilight between 
the other two. 

3d. Now ask the pupils to notice that on the 23d of 
December the sun is vertical to south latitude 23^, and 
on the 21st of June, north latitude 23j^. Consequently 
the sun sustains the same relation in every particular to 
the Southern Hemisphere at the former date, that it does 
at the latter date to the Northern. Hence, all the facts 
observed regarding the twilight on the 2l8t of June in 
northern latitudes apply on the 82d of December to cor- 
responding southern latitudes. Hence, all the facts ob- 
served on the 22d of December in northern latitudes may 
be found on the 31st of June in the southern latitudes. 

Sun't Declination, 

The Sun's Declination is his distance north or south 
of the equator (as indicated by the vertical ray). When 
the sun is north of the equator he is said to have a north- 
ern declination ; when south of the equator he is said to 
have a southern declination. 

The greatest northern declination (33j^ degrees) oc- 
curs on the 21st of June, and the greatest southern de- 
clination (23^ degrees) occurs December 22d. At the 
time of the equinoxes (March 20 and September 23d), 
the sua has no declination. 

To Find the Sun's Declination for any Dap. 

Bring the calendar index to the given day, rotate the 
globe upon its axis until the meridian having the degrees 
upon it is brought under the pointer L. Extend the 
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pointer L to the globe. The degree of latitude under 
the pointer is the required Declination. 

To Find the Longitude of any Place. 
Rotate the globe upoa its axis until the given place is 
under the pointer H, the degree on the equator at the 
end of the pointer H is the longitude required. The 
longitude is east or vrest according as the place is east or 
^est of the Prime Meridian. 

Examples. 

1. What is the longitude of New York ? 

2. What is the longitude of Calcutta P 

3. What is the longitude of Quito ? 

i. What is the longitude of St. Petersburg ? 

5. What is the longitude of Honolulu ? 

To Find the Latttude of any Place. 

Rotate the globe upon its axis until the given place is 
brought under the pointer H, above the place on the 
pointer read the degree of latitude required ; or, bring 
the given place under the edge of circle B, mark the 
circle directly over the given place, rotate the globe until 
the meridian having the degrees marked upon it is brought 
under the circle. Under the point marked, read upon 
the meridian the degree of latitude required. If the 
place is north of the equator it is north latitude, if south 
of it, south latitude. 

Examples. 

1. What is the latitude of New York f 

2. What is the latitude of Calcutta ? 

5. What is the latitude of Quito ? 

4. What is the latitude of St. Petersburg i 
B. What is the latitude of Honolulu ? 

6. What is the latitude of Santiago ? 
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Remove the day and night circle, as in the above cut. 
As now seen, the Tellurian Globe may ba used geo- 
graphically, also to explain the phases of the moon, 
eclipses, equation of time, etc. 

This is done after removing the pointer L, which, 
when drawn through the aperture in the moon ball, 
forms a stem or handle by which the moon is to be 
manipulated in showing the various phenomena, men- 
tioned hereafter in connection with the study of the 
moon. The moon ball is to be passed about the earth 
in an orbit two or three inches from the globe itself. 
36 
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Longitude and Time. 

Longitude is distance, measured however in degrees, 
minutes and seconds, east or west of a given meridian 
called the Prime Meridian. Observe that the degrees 
are marked upon the globe at the equator, east and west 
from the meridian of Greenwich — the Prime Meridian. 

On page (9) we learned that every circle is divided 
into 360 equal parts called degrees, every degree is sub- 
divided into 60 equal parts called minutes, and every 
minute is subdivided into 60 equal parts called seconds. 
The earth in its relation to the sun turns once on its 
axis (360 degrees) every 34 hours, and must turn as many 
degrees every hour as 34 is contained times in 360 or 15 
degrees. Since it turns 15 degrees in one hour, to turn 
one degree it will require 1-15 of an hour or 4 minutes 
of time. 

Rotate the globe from west tj east until the pointer L 
is over the prime meridian ; noon now takes place upon 
that meridian from pole to pole. Observe that all places 
east of this meridian have passed the sun and that their 
noon has passed, while those places to the tvest have not 
yet been brought to the sun, and their noon will not yet 
have taken place. 

Example 1. 

When it is noon (13 o'clock) at Greenwich, what is the 
time in Hamburg, say 10 degrees east of Greenwich ? 
Hamburg being east of Greenwich tne time is later by 
the time required by the earth to turn 10 degrees. Since 
the earth turns one degree in 4 minutes, to turn 10 de- 
grees will require 10 times 4 minutes or 40 minutes. 
The difference in time is therefore 40 minutes, and «nce 
it is 13 o'clock at Greenwich, it is 40 minutes after 12 at 
Hamburg, or 30 minutes to 1 p. m. 
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Example 2. 

When it is noon at Greenwich what is the time at Rio 
Janeiro, Brazil, 63 degrees west P 

Rio Janeiro being west the time is earlier by the time 
required by the earth to turn 63 degrees. Since the 
earth turns 1 degree in 4 minutes, to turn b% degrees will 
require 52 times 4 minutes, or 308 minutes. Reduced = 
3 hours 28 minutes ; the time before noon at Rio Janeiro 
13 o'clock noon less 3 h. 38 min. = 8 o'clock 33 min, 
A. M. the time at Rio Janeiro. 

Example 3. 

When it is 11 o'clock a. m. at Hamburg what is the 
time at Charleston, S. C, 80 degrees west f Charleston 
being west the time is earlier, Charleston is 80 degrees 
west of Greenwich and Hamburg 10 degrees east, the 
distance betiween Charleston and Hamburg is therefore 
80 degrees + 10 degrees = 90 degrees ; 1 deg. = 4 min. 
90 deg. = 90 X 4 = 360 minutes, reduced, = 6 hours. 
11 o'clock A. M., less 6 hrs. = 5 o'clock A. M, 

Example 4. 

When it is 10 o'clock a. m., at Constantinople, 3d de- 
grees east, what is the time in Hong Kong, 113 degrees 
east 7 Hong Kong being 113 degrees east and Constan- 
tinople being 38 degrees east, the distance between them 
is 112 deg. less 38 deg. = 84 deg.; 1 deg. = 4 min.; 84 
deg. = 84 X 4 = 336 min.; reduced = 6 hrs. 36 min. 
difference in time. Hong Kong being east, the time there 
is later than 10 o'clock A. m. by 5 hrs. 36 min. ; 10 hrs. + 
6 hrs. 36 min. = 15 hrs. 36 min. or as commonly read, 
3 hrs. 36 min. f. m. 
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Example 5. 



When it 1811.30 a. m. at San Francisco, 123deg.west, 
what is the time at Melbourne, Australia, 143 deg. east ? 
Ans. 5 hrs. 10 min. a. m. Observe that the greatest 
longitude s place can have is 180 deg,, that is, half-way 
around the earth from the prime meridian. If a person 
start at the prime meridian and go vrest he will be in 
west longitude until he reaches 180 degrees, when his 
longitude is either east or west. If he proceed on his 
course ten degrees, his longitude is 180 degrees east, less 
10 degrees, or 170 East. If a companion had gone 10 
degrees east his longitude would be 180 degrees west less 
10 degrees, or 170 West ; the men are manifestly 20 
degrees apart. 



1. If both places are in the same longitude either east 
or west, deduct the less from the greater and the result 
is their difference. 

3. If one place is east and the other west, the sum of 
their longitudes is the difference, provided the sum does 
not exceed 180 degrees. 

3. If one place is east an<l the other west, and the sum 
of their longitudes exceeds 180 degrees, deduct the 
amount from 360 degrees, and the remainder is the differ- 
ence of longitude sought. 

Supposejames and Howard leave the prime meridian, 
James going west and Howard going east ; when each 
has traveled 80 degrees they are 160 degrees apart, 
'which is their difference in longitude, Howard being ea^f 
of James. Let each proceed 10 degrees farther and 
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they are 180 degrees apart, on opposite meridians, How- 
ard being either east or w«/ of James. Let them con- 
tinue in their course 10 degrees ; James is then 100 
degrees west and Howard 100 degrees east. Together 
they have traveled 300 degrees, and as 300 degrees are 
all there is to travel, 360 — 300 = ICO, the number of 
degrees between them, Howard being now 160 degrees 
viest of James. 

Let us presume they started on their journey at noon, 
and that they carried accurate time pieces ; when they 
had traveled 15 degrees James would find his watch an 
hour too fast, and to correct it he must turn it back, 
while Howard's watch is found to be an hour too slow 
and must be set ahead. To keep the watches right, these 
changes must be made constantly, James turning his 
watch back 4 minutes for every degree traveled, and 
Howard setting hisahead in the same proportion. When 
each has traveled 80 degrees as above, and it is noon at 
the prime meridian, James' watch shows 6 hrs. 40 min. 
A. M. (80 X 4 = 320 min. = 6 hrs. 30 min. subtracted 
from 12 noon = (i hrs. 40 min. a. m.) and Howard's 
watch shows 5 hrs. 80 min. p. m. When each has trav- 
eled 90 degrees, James has 6 o'clock a. m. and Howard 
6 o'clock p. M. when it is noon at the prime meridian. 
When each has traveled 179 degrees, James' watch shows 
4 minutes A. M., and Howard's shows 11 hrs. 56 min. p. m. 
When they meet at 180 degrees their watches show the 
same hour, 13, midnight. James has gained 13 hours by 
setting his ^vatch back, while Howard has lost 13 hours 
by setting his ahead. Though both watches indicate the 
same hour there is really a day's difference in their time. 
Were they quick-witted Hibernians, we might readily 
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imafine them addressing each other somewhat like this: 
Hello t faix, its ^D-dii)' wid me, but 'VC% yesterdi^ with you. 
It's nayther, sir, the other replies. It's to-day wtd me 
and to-tnorro-w wid you. 

To Fhhd the Time of Sunrise for any Place or any 
Day in the Year. 

Arrange the globe as shown in Cut No. 1. Bring the 
calendar index to the given day, rotate the globe upon 
its axis until the given place is under the western edge 
of the day and night circle ; place the time index H 
opposite zero on the equator ; tighten the screw to hold 
it firmly in position. Turn the globe upon its axis from 
west to east, until place mentioned is opposite the pointer 
L ; note on the equator the number of degrees of longi- 
tude that has passed under the pointer, reduce the longfi- 
tude to time (as directed in Longitude and Time, page 
37), The result is the time from sunrise to noon, which 
subtracted from 12 o'clock noon, gives the hour of sun- 
rise. 

Examples. 

1. What is the time of sunrise at Chicago, May 1 ? 

2. What is the time of sunrise at New Orleans, June 
30, 1881. 

3. What is the time of sunrise at Melbourne, Jan- 
uary 10 ? 

To Pina the Duration of TwUight for any Place 
on any I>a/y in the Year. 

Arrange the globe as above. Bring the calendar in* 
dex to the given day, and the given place to the begin- 
ning of twilight Set the index H opposite zero on the 
equator ; rotate the globe upon its axis until the given 
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place is carried across the twilight belt ; note the hum- 
ber of degrees on the equator the globe has turned, 
which reduce to time, and the result is the duration of 
twilight required. 

Examples. 

1. What is the length of twilight at San Francisco, 
August 1 ? 

2. What is the length of twilight at Berlin, June 31 ? 

The Sim. 

The sun is the center of our solar system, and around 
him all the planets revolve and from him receive their 
light and heat. In matter he is 750 times greater than 
all the planets combined. As all bodies attract each 
other and in proportion to the amount of matter they 
contain, so the sun's attraction must be 750 times greater 
than the combined attraction of all the planets, and were 
they all to unite they could not move him his own 
diameter from the center of gravity of our solar system. 
So we may justly regard the sun as the center of gravity. 
The attraction of the sun is so much greater than the 
earth's, that a boy weighing 75 lbs. on the earth would 
^eigh over a ton if placed upon the sun. 

The ancients thought the sun to be an immense globe 
of iron heated to a white heat. While this is not liter- 
ally true, it shows they had a better idea of the sun than 
of the earth, which they thought to he^at. 

The apparent diameter of the sun is about % a de- 
gree — rather more than less. When viewed through a 
powerful telescope his surface presents a mottled appear- 
ance, which Professor Newcomb likens to a dish of rice 
soup with the rice grains floating upon the surface. 
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The gun seems to be surrounded by a very rare, light 
atmosphere, principally hydrogen heated to a glow, in 
which fleecy clouds seem to float ; these clouds serve to 
cut off from us some of the fierce light and heat of the 
sun, and were it not for these, astronomers tell us his 
light and neat would be intolerable. 

The prevailing opinion of the best authorities is, that 
the Bun proper is composed of condensed gases under 
great pressure, and heated to a temperature many times 
greater than furnace heat. 

The solar spectrum shows the presence of hydrogen, 
iron, magnesium, sodium and other elements in the sun ; 
but of what the sun is composed we know very little. 
His extreme brightness renders observations very diffi- 
cult. If the sun were placed at the distance of the 
nearest flxed star he would appear no larger than one of 
the smaller stars. 

The Sun has three motions, as follows : /, 

1. A rotation upon his axis once in 35 days, 9% hours. 

2. A revolution around the center of gravity. This 
movement is very slight. 

3. A revolution around some distant and unknown 
center, carrying with him the entire solar system at a rate 
of 20,000 miles an hour, and traveling in an orbit so 
great that to make one complete revolution requires 
abonX eighteen million years I Tliis is perhaps the most 
astounding of all astronomical movements, and the 
question " Whither are we going?" may well be asked I 
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The Earth. 



The Earth is one of the eight principal planets. She 
ranks fifth in size, and third in her distance from the sun. 
Her distance varies between 91 and 94 million miles. 
She has at least eight distinct motions, but some of them 
it is not our province to consider in this work. Among 
the simpler and better understood of the number are : 

1. Rotation upon her axis every 24 hours. 

2. Revolution around the sun annually in an Elliptical 
orbit. 

3. Revolution of the equator around the pole of the 
Ecliptic. (See Precession of the Equinoxes.) 

The Earth's surface is divided into solid and liquid, 
there being about 3-10 of the former and 7-10 of the 
latter. The solid we call land and the liquid water. The 
crust and liquid covering of the earth as compared with 
her size is very thin, probably not a hundred miles thick, 
and if shown upon the globe the crust would be reduced 
to the thickness of thin cardboard! This crust is sup- 
posed to float on the molten fiery interior of the earth. 
Among the proofs that th^interior of the earth is a sea ol 
fire, are the following : 

1. As we go down into the solid crust of the earth the 
temperature rises at nearly the uniform rate of 1 degree 
for every 50 feet we descend. At a distance of less than 
2 miles, water would boil; at a depth of 10 miles, the 
crust would be red-hot. Below the surface, 90 to 100 
miles, the temperature would be sufficient to melt any 
substance known to man. 
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8. In various parts ot the earth's surface we find 
springs of hot wnter boiling up out of the earth's crust, 
and we know of no way the water could be heated except 
by the internal fires of the earth. 

3. Volcanoes, that seem to act as safety valves, through 
which the Furies of the pent up fir»» find relief in send- 
ing forth fire, gases and lava. The tatter is composed 
of well-known substances, such as rock and minerals 
melted to a liquid form. 

4. Thejhrm of the earth flattened at the poles and 
bulged out at the equator, shows that the earth in her 
childhood (if we may be allowed the term), must have 
been in a sofl, pliable state, in which case the earth would 
necessarily assume the form she now has. From what 
we know of the interior of the earth it could not have 
been in this sofl plastic state except by the action of heat. 
Geological formations show evidences of great heat at 
some former period of the earth's existence. 

The Hoon. 

The Moon'9 Form, Stxe and PhyHcal VondUUm. 

The moon, like the earth, is very nearly round. Her 
diameter is 2,160 miles, and her volume is about 1-49 the 
size of the earth, and only ^s.vit.vw ti™" the size of 
the sun. The moon, to us, appears nearly as large as 
the sun. This is because she is about 400 times nearer 
to us. A ball thrown high in the air seems smaller than 
when tossed up but a few feet. Thus we see the appar- 
ent size of bodies depends largely upon their distance 
from us. 
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The moon, as seen through a telescope, presents a very 
uneven and broken surface, showing very high moun- 
tains, deep valleys, and the craters of immense volcanoes 
now extinct. The clouded or mottled appearance of its 
surface sometimes called " The man in the moon," and 
which many ignorant people think to be land and water, 
is really due to the difference in the reflecting power of 
the various portions of the moon's surfkce. The higher 
portions of her surface seem to be composed of lighter 
colored material than the lower, and they will therefore 
reflect more light than the darker colored and lower sur- 
face. If examined through a small telescope or field 
glass, ^ve are able to see some spots on the lighter sec- 
tions brighter than the surrounding surface ; these are 
the summits of mountains, the most prominent being 
craters of volcanoes. The most careful observations of 
the moon fait to show any atmosphere. There can be 
no water, for the sun's heat during the long lunar days 
(about a month long) would evaporate it and produce a 
cloud-like film around the moon that could readily be 
seen. 

The res^ilts of observations upon the physical condi- 
tions of the moon are such that we must conclude that 
it is a cold, lifeless body, the essential elements of life, 
air and water, not being found- 
Tic Moon's Motiona. 

The moon has three positive motions. 

1, jt revolution on her axis once in 29 J^ days. Thus 
we see the lunar day is 29 J^ times longer than the terres- 
trial. To an observer, on the moon near its equator, the 
sun would rise in the east and set in the west ; but the 
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period of time between sunrise and sunset would be equal 
to nearly 15 of our terrestrial days, and when the sun 
had set it would not rise for an equal period. How great 
must be the extremes of temperature ! The lunar d^ 
must be hotter than anything experienced upon the 
earth, while, during the lunar night the temperature must 
fall to a degree unknown save in the polar latitudes of 
our earth. To an observer on the moon, the earth would 
look like a huge moon 13 times larger than the moon 
appears to us. It would present the phases of the moon 
as we see them, but on a grander scale. Owing to the 
moon's slow axial rotation, the earth would not appear to 
revolve around it, but merely s^ing back and forth 
through a few degrees. 

2, A revolution around the earth once in 27 j^ days. 

3, A revolution with the earth around the sun annu- 
ally. The result of the last two motions makes the 
actual path of the moon very peculiar. The second mo- 
tion mentioned, of itself, would carry the moon around 
the earth so ^at its path would be an ellipse ; while 
however, this movement is going on, the last mentioned 
movement (No. 3) is also in operation and is about 30 
times as rapid as the former (No. 2), making the actual 
path an irregular curve, sometimes outside and some- 
times inside the earth's orbit; but its path always curves 
to the sun. The moon's orbital velocity is about 2,300 
miles per hour, ^hile she follows the earth in her great 
orbital journey at the rate of 68,000 miles an hour — over 
a thousand tniles a second. 

If the earth were at rest in her orbit the path of the 
moon would be similar to cut No. 1, (E the earth, M 
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the moon, the arrows showing the 
direction of the moon's revolu- 
tion). Since the eart.h is not at rest, 
cut No. 1 shows the relative and not 
the true path of the moon. 

Let A in cut % represent part of 
the orbit of the earth, and E B F 
will show the true path of the 
moon from her last to her first 
quarter, or while traveling from 
O to P, as shown in cut 1. The 
moon makes this path because 
she is carried forward with the 
earth around the sun from F to E 
while she is revolving around the 
earth from O to P, cut 1. If the 
moon's path from F to E were on 
the line G H, she would neither 
curve to nor from the sun, but be 
traveling on a straight line and at 
right angles to him. If this ^vere 
true, at the point J, she would be 
over 400,000 miles from the earth 
then at I, but as the moon's dist- 
tance is about 240,000 miles, she 
must be at K instead of J. Hence, 
the moon's path must be on the 
line E B F, which is concave to, 
or curvingtowards thesun. After 
passing the point E the moon's 
orbit curves sharplj' in, and in 14 
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days crosses to the inside of the earth's orbit, as we ob- 
serve it does at the point F. 

The Sidereal and Synodic BevolutiM%» of the Moon. 

The moon revolves around the earth in an elliptical 
orbit once in S?^ days ; this is called the sidereal revo- 
lution. Sidereal means Star. 

Ask the pupils to observe that as the moon ball re- 
volves around the globe it is nearer the globe when on 
one side of it than when upon the other. In like manner 
the moon revolves around the earth ; sometimes she ap- 
proaches within 321,000 miles of the earth. Her great- 
est distance is 259,000. She seldom reaches these ex- 
treme limits i her usual variations are about 13,500 miles 
either way from the average, which is about 340,000 miles. 

Ask the pupils to observe the position of the moon 
and some star near it in the heavens ; on the following 
evening the moon will have moved some distance to the 
eastward ; continue the observations through several 
evenings, and note the changes of the moon's position 
in the stars. In27j^ days (about) the moon will have 
passed clear around the heavens and will again appear 
near the star where it was first observed. The moon has 
now made one sidereal revolution (one revolution as re- 
gards the stars). If the sun and not a star were tiiken 
for the base of the observation, the time required for the 
moon to revolve around the earth and be brought to its 
former position relative to the sun would be 29j^ days, 
about. This is a ^nodical revolution. 

Call the pupil's attention to the fact that the sun ap- 
parently travels from west to east through the heavens, 
going clear around, or 360 degrees in a year (about 365 



,.,.d.i. Google 



days), and of course must travel on an average nearly a 
degree a day. The moon makes a complete revolution 
through thf heavens in 3?i^ days, or about 13 degrees 
daily, and in the same direction that the sun apparently 
travels. Let us suppose the sun, the moon and a star to 
be in line on a given day ; on the day following, if ob- 
served, the sun wrill be seen about 1 degree east of the 
star, and the moon will be seen about 13 degrees east of 
the star and 13 degrees east of the sun. The following 
day the sun will be about 3 degrees east of the star and 
the moon will be about 36 degrees east of the star and 
34 degrees from the sun. Observe that at this rate the 
moon will be 37^ days in passing around the earth and 
again getting into line with the star, thus completing the 
sidereal revolution. The sun in the mean time has passed 
to about 37 degrees east of the star, and for the moon to 
overtake him will require about 3 1-6 days additional, 
thus completing the synodical revolution in 39j^ days. 
The change of the moon depends upon its relation to the 
sun and not to a star, so, from one new moon to another 
is 39}^ days (about). 

The Phasea of the Moon. 

The moon shines by reflected sunlight ; like the earth, 
one-half of her surface is illuminated by the sun, and 
when any part of the light hemisphere is turned toward 
the earth, we see that portion brightly illuminated, and 
the light it gives us we call moonlight. The moon acts 
as a great heavenly mirror reflecting the sun's light after 
he is gone. The bright side of the moon is of course 
always toward the sun. 

Tha Dark Moon. 

&sk the pupils to notice that when the moon is be- 
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tween the earth and sun, the light hemisphere of the 
moon must be hid from the earth. Astronomically we 
say the moon and sun are in conjunction ; a% ordinarily 
expressed, we lay it is the " Dark of the Moon " or " No 
Moon." Demonstrate this by the apparatus. 

Nevi Moon. 

Using the pointer L as a stem for the moon ball (see 
Cut 2), and keeping the white side of moon toward sun, 
pass the ball three inches to the east of the vertical ray 
of the sun. Ask the pupils to observe that the moon is 
not now between the globe and the arc S, but has passed 
to the eastward, and that now the hemisphere seen from 
the globe has a crescent of light around the western part, 
and that the " Horns of the Moon," or the ends of the 
crescent, point eastward. We say the moon is now new,* 
and being but little east of the sun, sets soon after him. 
At new moon, when the air is clear, we can plainly see 
the outline of the dark hemisphere. When the moon is 
situated nearly between the earth and sun, as at new 
moon, the bright, or illuminated hemisphere, of the earth 
is towards the moon. An observer on the moon's dark 
hemisphere would now have, if we may be allowed the 
term, earth-light, in character similar, though in quantity 
greater than the light we receive from the moon when 
it is full. The sunlight reflected hy the earth to the 
moon is in a diminished quantity re-reflected by her to 
the earth, and by this light twice reflected we see dimly 



*In Jad the moon the moment she paaaes between the earth 
and sun, or reaches conjunction, becomes "new," though she \% 
not usually called new until the crescent U visible. Hereafter in 
this work New Moon means Conjunction. 
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the mooa'fl dark hemisphere. The reason why the 
moon's crescent is brighter than the dark hemisphere, 
is because the light coming from it is reflected but imce, 
while that from the dark hemisphere is reflected twice, 
the difference in briUiancy showing the loss by the second 
reflection. 

When new moon occurs while the moon is above the 
ecliptic, as shown in cut No. 1, the moon will be above 
as well as east of the sun, and her crescent must appear 
lower than when she is below the ecliptic. Thus we 
have what is called the "dry" and "wet" moon. 

Fira Quarter, 

Move the moon ball forward until it has passed one- 
fourth of the way around the globe from the arc S. To 
an observer on the globe the crescent of light during 
this movement will have increased until now one-half 
of the illuminated hemisphere is in view. The moon is 
now one-quarter of the way around the earth from the 
sun, and is in quadrature. The moon is now in her 
first quarter. 

Full Moon. 

Move the moon ball forward until it has passed oue- 
kalf the way around the globe, and call the pupil's at- 
tention to the fact that an observer upon the earth would 
see the entire illuminated hemisphere of the moon, and 
that as she is almost directly opposite the sun she must 
rise at or near sunset. The moon is now in opposition 
with the sun, and we have illustrated the phase of the 
moon called the Full Moon. 
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JjOflt Quarter. 



Move the moon ball forward until it has passed three- 
fourths of the way around the globe, and ask the pupils 
to observe, as this is done, that the illuminated hemi- 
sphere of the moon shifts to the eastward so that when 
it is brought to the three-quarter position only one-half 
of it is visible to an observer upon the globe. The 
moon is again in quadrature with the sun, and presents 
the phase of the moon in her last quarter. 

Old Moon. 

Move the moon ball forward until it is about half 
way between the last quarter and the dark of the moon, 
and observe that a crescent of light may be seen around 
the eastern side of the moon, the horns of the crescent 
pointing to the -west. The moon is now " old," from 
which position she passes to conjunction and the dark 
moon, thus completing the common phases of the moon. 

Th» Orfrti of the Moon. 

The orbit of the moon is an ellipse, her least distance 
from the earth is 221,000 miles, while her greatest dis- 
tance is 259,000 miles. She seldom, however, reaches 
these extreme limits, her usual variations from her mean 
distance of 240,U0O miles being about 13,500 miles each 
way. The orbit of the moon crosses the orbit of the 
earth at an angle a little greater than 5 degrees. This 
may be shown by carrying around the moon ball in an 
inclined orbit above and below the ecliptic. The moon's 
declination ts her distance north or south of the ecliptic. 
The moon may be held above the ecliptic in her greatest 
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northern declination, or she may be held below the 
echptic so as to be seen in her greatest southern 
declination. 

The Moon's yiidfs. 

The nodes of the moon are the two points where her 
orbit cuts or crosses the ecliptic. The node where the 
moon crosses the ecliptic coming north is called her 
ascending node, and the opposite one the descending 
node. 

The pupils should fix clearly the moon's nodes in their 
minds, as upon this depends the understanding of much 
that is to follow. 

If the sun and moon could leave a thread of light to 
mark their pathway through the heavens (the sun's ap- 
parent annual path), we would obserre these lines run- 
ning very near each other and to cross at opposite points 
of the heavens, so that as viewed from the earth the path 
of the sun would sometimes be above, and sometimes 
below the path of the moon, crossing it at oppo^te points 
— the moon's nodes. These points of crossing are not 
fixed, but are constantly changing, falling back to the 
westward on the ecliptic or sun's apparent path about 20 
degrees annually. If the nodes were stationary, then 
the time required by the sun to pass from one ascending 
node to another, manifestly, would be a year. Because 
of the moon's nodes revolving backward on the ecliptic 
about 20 degrees annually, he will approach her nodes 
about 19 days earlier than he otherwise would. Dis- 
carding fractions we have : 1 year, 365 days,less 19days 
^ 346 days the time required by the sun to pass from 
one dscending node to another. As the descending node 
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occurs midway between two ascending nodes, we have 
3413 days -i- % =^ 173 days as the time from the ascending 
to the descending node, and an equal period ftom the 
descending to the ascending nodes. 

Now place the moon ball so that its center shall be 
opposite the center of the sun, or the usual position of 
the pointer L; the sun and moon are now at the node. 

The Zodiacai BeU. 

The Zodiacal Belt is a band in the heavens lying 8 
degrees on either side of the ecliptic, in which the sun, 
moon and the principal planets are seen to move. AH 
the planets go around the sun in the same general direc- 
tion, from west to east. The orbit of the earth {the 
ecliptic) is the base, and from it the inclinations of the 
orbits of the several planeta are measured. None of the 
orbits of principal planets cross the orbit of the earth at 
An angle greater than 8 degrees, and most of them cross 
at an angle considerably less. If all the planets could 
leave behind them a thread of light to mark their 
pathway through the heavens, we should see that within 
a belt of the heavens 16 degrees wide, lying 8 degrees 
On either side of the ecliptic, would lie the orbits of alt 
the principal planets, and in this belt they would be seen 
to move. This band or zone of the heavens is called 
« The Zodiacal Belt." 

The Siffna of the Zodiac. 

The ancient astronomers for some reason not now well 
known, divided the Zodiacal Belt into twelve equal parts 
of thirty degrees each, giving to each sign a name, be- 
ginning with the vernal equinox, or the equinoctial col- 
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ure, counting thirty degrees east and naming this "sign" 
"Aries;" to the next thirty degrees east they gave the 
name " Taurus," so continuing in the order shown upon 
the base of the globe. Thus we see that a "Sign of the 
Zodiac" is a portion of the heavens having a longitude, 
or length,.of30degrees, and a latitude, or breadth, ot 16 
degrees. 

:Ptts8age of the Momt through the Signs of the 
Zodiac. 

We learned upon the previous page that the moon had 
her revolution in the Zodiacal Bell, and as she passes 
clear around the heavens, 360 degrees, in making her 
sidereal revolution, she must in that time have passed 
once through all the Signs of the Zodiac. If the moon 
passes through the 13 Signs of the Zodiac in 37^ days 
(a sidereal revolution), she will occupy about 2^ days in 
passing through one sign. 

Rotate the globe upon its axis until the ecliptic marked 
on the globe lies in a horizontal plane. If you were to 
take a large and wide barrel hoop and place it around 
the entire apparatus and hold it in such a position that 
the plane of the ecliptic extended to the hoop, it ^ould 
strike the middle of the hoop all the way around it; the 
hoop would then show the position of the Zodiacal Belt 
for the Tellurian. Or, if the apparatus were placed in a 
large tub, and water were poured in until one- half of the 
globe ball only remained above the water, the surface of 
the water would be the plane of the ecliptic, and that por- 
tion of the tub, say 2 inches above and % inches below 
that surface, would represent the Zodiacal Belt. Ifthetub 
were made of twelve wide staves, each stave would rep- 
resent a "Sign of the Zodiac." Let the globe move for- 
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ward in her orbit, and the moon would be seen by an ob< 
server upon the globe, to pass through these signs upon 
the staves from west to east, as the moon in the heavens 
actually does pass through, or by the Signs of the Zodiac 

When we say the moon is in Aries, we mean that the 
moon as seen from the earth is in that sign, or more prop- 
erly, between us and that part of the Zodiacal Belt called 
the sign Aries. A very instructive and interesting illus- 
tration may be given by placing the Tellurian upon 
a table and having the pupils, twelve in number, join 
hands around it. Let each one take the name of the sign 
nearest to him on the base of the globe. Move the moon 
forward, and when the moon ball, in passing around the 
globe, comes between the globe and one of the pupils,' 
let that pupil speak the name of the sign he represents; 
thus, Mary 'will say, when the moon ball is opposite her, 
"Aries ;" in a moment it has passed Mary and is opposite 
John, who calls out, "Taurus," and so on through the 
twelve signs. Where the pupils join hands will mark 
the divisions of the signs. 

The writer strongly urges the use of the above illus- 
tration, for by it the children, though quite small, will get 
a very clear conception of the Zodiacal Belt, the signs 
of the Zodiac and the way the moon passes through 
these signs. 

"Paasage o/ the Sum Through the Signa of the Zodiac, 

The Bun passes through the signs of the Zodiac in a 
manner very similar to the moon, and the illustrations 
used to show the passage of the moon through the signs 
may be used to equal advantage to show the sun's pass- 
age. The sun passes through the twelve signs once 
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every year, and so occupies about one month in passing 
each sign. The pointer G, Cut No. 1, shows at all sea* 
sons of the year the sign and the degree of the sign 
where the sun is situated. Thus, at the vernal equinox 
we see the sun is in the iirst degree of the sign Aries. 
Move the arm X forward to June 21, and observe that 
in the mean time the sun has passed through the signs 
Aries, Taurus and Gemini, and has reached the sign . 
Cancer. 

HOTB. Wlm MadrtDg (b* shUKs of HSKma m nw that on Jmw IIM tbf 
HinteubedltiflTeatHtiiaTttwmltinlt, 334 d«stM« north of Uw equtor, rrom 
YhJch pDflitlon it tnmed wmthirftrd, toward! th« Aquatot^ Thu *« Mh tlw nm 
tDnu tonth at tha moment h« rMohec the algn OaDoer. We darlve the word 
"Troplo" trom the ar»Bk word tr«fia, which meuia to tnm. The word Osneer 

theae two we Ret "Tiople of Cancer." Tha same latrna of tha toning of tha 
nm northward on Deoamber Ud, aa It rsaohea tha ilsn Caprlooinoa, thereby 
glTlngu *' Troplo of Oaprloom." 



The earth is always said to be in the sign directly op- 
posite the one where the sun is situated. Thus, when the 
sun is in Cancer the earth is said to be in Capricomus, 
where it would be seen by an observer upon the sut^s 
surface. 



CatNo.3. (DaacrlptkiDODiMitptw*,) 
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Eclipses. 

(Sm Cut No. 3.) 

An eclipse in general, is the cutting off in whole or in 
part the sunlight, as it falls upon the earth or moon. 
All the planets are opaque ; they absorb in part the sun- 
light that falls upon them, and the remainder after ab- 
sorption is reflected back into space. No light passes 
through them. They cast shadows into space, the extent 
of these shadows depending upon the sixe of the planet 
and its distance from the sun. The larger the planet the 
larger the shadow, and the farther the planet is from the 
sun the farther the shadow will extend into space. To 
illustrate this, draw a circle on the blackboard a foot in 
diameter to represent the sun, mark this circle S ; ttoo 
feet from this circle draw a small circle, say three inches 
in diameter, mark this circle £ to represent the earth. 
Draw a straight line from the top of circle S to the top 
of circle E, continue the line a foot or more beyond E ; 
next, draw a line from the bottom of circle S to the bot- 
tom of circle E, and continue this straight line until it 
crosses the other line ; the distance from where these 
lines cross, to the circle £, represents the distance the 
shadow of the earth would extend. Draw another three 
inch circle, say_^wr feet away from circle S, and draw 
similar straight lines from top to top and bottom to bot- 
tom of the circles, extending them as in the other illus- 
tration, and ask the pupils to observe, that now the dis- 
tance from the crossing of the lines to the circle E is 
greater than in the tirst instance when the circles were 
closer together. Thus we see that the nearer a body 
of a given size is to the sun the shorter will be its shadowi 



,.,.d.i. Google 



6a Tellurian MaMuaI. 

and the farther it is from the sun the longer will it ex- 
tend. Draw a straight line from the center of circle S 
through the center of circle £, and extend it imtil it 
reaches the crossing of the two lines before mentioned, 
and ask the pupils to observe that the line last drawn 
may represent the ecliptic, and that it divides the shadow, 
into two equal parts, one-half of which \& above and one- 
half below it. So the earth into space casts her shadow, 
equal parts of which lie above and below the ecliptic. 
Thus we see : 

(a) That the shadows cast by any planet, great or 
small, must lie in the plane of that planet's orbit. 

(b) That the shadows cast by the planets are in the 
shape of a cone tapering to a point, the base of the cone 
being equal in diameter to the diameter of the planet, 
the distance to the point or frustum of the cone depend- 
ing upon the distance of the planet from the sun. 

(c) That the diameter of the shadow at any point de- 
pends upon the distance of that point from the body 
casting the shadow. 

The cone-shaped shadow of the planet is called its 
umbra, and to an observer situated in the umbra the sun 
is wholly obscured and to him the eclipse is total. Place 
the observer just outside of the umbra and the sun is not 
wholly obscured to him ; his situation is now in pen- 
umbra. To show the penumbra take the figures upon 
the blackboard used to show the umbra, and in addition 
draw a straight line from the bottom of drcle S through 
the top of circle £ and extend it a foot or two beyond. 
Draw another straight line from the top of circle S 
through the bottom of circle £ and extend it as before, 
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the apace beyond the circle £ on either side of the umbra 
and between it and the lines last drawn shows the pen- 
umbra. The shadows of all heavenly bodies must have 
umbra and penumbra. 

Umbra means totality^ and penumbra, partiality. 

The IHntenaions of the Earth and Moon'it Umbra. 

The length of the earth's umbra is about 860,000 
miles, or about 3>^ times farther than the moon is from 
the earth. This is the anera^e length: in December and 
January (because then near the sun) the umbra is about 
843,000 miles, while in June and July (when farthest 
away) her umbra is nearly 872,000 miles. The diameter 
of the earth's umbra at the distance of the moon is on 
an average about 6,000 miles, nearly three times the 
moon's diameter. 

The average length of the moon's umbra is 336,000 
miles. It varies, however, from 321,150 to 253,640 miles. 
Observe that the average length of the tnoot^s umbra is 
a little less than her average distance from the earth 
(240,000 miles). Therefore, if the moon having her av- 
age umbra pass between the earth and sun at her aver- 
age distance from us, the umbra would not reach the 
earth by nearly 4,000 miles. The eclipse in this case 
■would be annular and not total. (See annular eclipses 
page 66). 

'The greatest possible diameter of the moon's umbra 
as It falls upon the earth is about 17S miles, and this can 
be only when the moon is at her greatest distance from 
the sun and at her least possible distance from the earth. 
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Eclipees are known as solar and lun«r, and as the terma 
indicate, they are of the sun and moon. 

L„„.rEdip..,„.,ba|f",S.°' 
S„,„Edip,e.„.,b.jr-ir 



Lunar EiMpaea. 

If the moon revolved around the earth in (he flane of 
tke ecliptic, she would pass through the earth's sl^adow 
and be eclipsed at every full moon, and would throw her 
own shadow upon the earth at every new moon. Her 
orbit is, however, inclined to the ecliptic, and should be 
so represented. That she may pass through the earth's 
shadow and be eclipsed, the moon must, when full, be 
at or near her node, otherwise she will pass above or 
below the earth's shadow. It is not necessary that the 
moon be exactly at her node to strike the earth's shadow, 
for, if within 10^ degrees either before or after the node, 
she wiU pass into the earth's shadow and be wholly or 
partially eclipsed, according to her nearness to or distance 
from the node when she "fulls." This distance, lOJ 
degrees either way from the node, is called the " lunar 
ecliptic limits." Thus we see, that at either node there 
is a lunar eclipse limit of 31 degrees; including both 
nodes, 43 degrees, within which limits all lunar eclipses 
must occur- 
Now carry the moon hall about till it is at the " full," 
that is, place it just the opposite side of the earth from 
the position it occupies in Cut 1, of course still holding 
the white or illuminated side of moon towards the sun. 



,.,.d.i. Google 



TCLLltKIAN MaNVAI. 63 

Ask the pupils to observe, that now the full moon 
is below the ecliptic (the line J, as marked upon the 
globe), and that the shadow of the earth will pass above 
the moon, and no eclipse will occur. 
' t^°Ii is important that the pupils remember, that 
■while the relative sizes of the earth, sun and moon are 
shovin, it is impossible to show their relative distances. 
If we were to do this, the globe should be placed about 
a mile and a half from the are S and the moon ball 
placed about 20 feet from theglobe^ and if placed at these 
distances, the moon ball must be at or very near the 
globus ecliptic -when full, in order to fall within the 
shadow f a little variation above or below would cause 
the moon ball to miss the globe's shadow altogether. 

If full moon occurs when the moon is a few degrees 
(say 10 degrees) before she reaches her ascending node, 
she will pass through the lower portion of the earth's 
shadow, thus covering the upper part of the moon's sur- 
face with shadow, giving a partial eclipse of the moon. 
Should full moon occur when the moon is 10 degrees 
past h(;r ascending node, her lower limb or edge would 
be eclipsed by the higher portion of the earth's shadow. 
Raise the moon ball about two inches, and ask the 
pupils to obserre that now the moon ball is above the 
ecliptic J, and that the shadow must fall below it. If full 
moon occurs when the moon is at or very near her node, 
the entire moon will pass through the earth's shadow 
and the eclipse will be total. Such an eclipse occurred 
about midnight Jane 11,1881. 

Solar Eclipses. 

There are but two celestial objects that can ever come 
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between us and the sun of sufficient size to cut off from 
us the solar light. These two are the moon and Venus. 
The passage of the planet Venus across the sun's face, 
is usually called a transit of Venus. The last transit of 
Venus occurred Dec. 9, 1874. The next will take place 
Dec. 6, 1862, after which no transit will occur until June 
8,2004. 

There are three classes of solar eclipses, viz.: total, 
partial, and annular. Let us treat them in their order. 

Ail eclipses of the sun, caused by the passage of the 
moon between us and the sun, must occur at new moon. 
Now, if new moon occur while she is in the vicinity of 
her node, an eclipse of some kind must occur. If she is 
at or very near her node, she will pass across the sun's 
face centrally, or very nearly so ; and if at this time she 
happens to be near enough to us, her umbra will reach 
some portion of the earth's surface, and to that region 
the eclipse will be total. On page 61 we learned that 
the greatest possible diameter of the moon's umbra at 
the earth is 175 miles; the usual region of totality is very 
much less. Thus we see why total eclipses of the sun 
are visible to so small portions of the earth's surface, 
while a lunar eclipse may be seen from any part of an 
entire hemisphere. The duration of solar eclipses is 
very much less than lunar. The length of totality in a 
solar eclipse cannot exceed 6 or 7 minutes, and is usually 
very much less, while the moon may remain totally 
eclipsed for nearly two hours. The apparent size of the 
sun and moon are very nearly the same, and it requires 
the entire body of the moon to hide the sun's disc and 
eclipse him wholly ; sometimes she is not able to do even 
this, as we shall shortly see. 
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If an observer were Bttttioned on the moon during a 
total lunar eclipse, he would, from his position, see a 
total solar eclipse. To him the apparent size of the 
earth and sun would vary greatly, the former appearing 
between thirteen and fourteen times larger than the lat- 
ter. The observer so stationed could not have an eclipse 
of the earth, as the largest shadow his little orb could 
cast upon us would not be half as large as the State oi 
Illinois, and to him it would appear like a mere speck 
floating across the face of the earth. 

Outside of the field of totality in a solar eclipse the 
eclipse must be partial when it is aeen at all. Suppose 
the city of St. Louis to be near the center of the field of 
totality of a solar eclipse. At the moment of totality in 
St. Louis an observer in St. Paul wojld see the moon as 
below the sun, and In the passage by, his face would ob- 
scure only the lower portion of it ; to him the eclipse is 
partial. An observer at Newr Orleans would see the 
moon passing rather ahove, hiding only his upper limb or 
edge, while a person in South America could not see the 
eclipse at all. 

Now carry the moon forward until the moon ball is 
again brought to new moon, as in Cut No. I, and ask 
the pupils to observe that now the moon is above 
the ecliptic J, and the shadow of the moon must fall 
above and not upon the earth ; were they placed at 
their proper distance (20 feet). Lower one inch until 
the moon ball falls into the plane of the ecliptic, and 
ask the pupils to observe, that the shadow of the moon 
in this position must fall upon the earth. 
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On p«ge 61 we find the average length of the moon's 
umbra is 236,000 miles, and her average distance from 
the earth 240,000 miles, so, should the moon pass across 
tbe sun's face when so situated the umbra would not 
reach the eai th by some 4,000 miles. The apparent size 
of the moon is now smaller than the sun, and she would 
in this position be unable to hide his entire face from us, 
and when passing by his center, a ring or fringe of light 
would be seen all around the moon. An eclipse of this 
kind is called annular. The word annular means like a 
ring or ring shaped, referring to the ring or fringe of 
light seen around the moon. Thus we see that the moon 
must be nearer the earth than her average distance, or 
that the sun must be at a greater than his average distance 
to make it possible for the moon to hide his entire face 
and to produce a total oclipse of the sun. 

The attention of the pupils should be called to the fact 
that the moon is sometimes nearer the earth than at others. 
This may be shown in the manipulation of the moon ball. 

It is not necessary that new moon occur exactly at the 
moon's nodes to give an eclipse of the sun ; if within 
16}^ degrees of it etiier way, she will eclipse him. Thus 
we see the "solar ecliptic limit " is 33 degrees at either 
node or, in all, 66 degrees for both nodes, and within thta 
limit must all solar eclipses occur. 

Why more Solar than Lunar Ecl^Met* 

On page 62 we see the moon must be within 10^ de- 
grees (either before or after) of her node at Full Moon 
to enter the earth shadow, consequently her Lunar Eclip- 
tic limit is 10^ + 10>^ = 21 degrees at either node, or 
a total of 42 degrees of her orbit wherein lunar eclipses 
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may occur. In the last section we see the solar ecliptic 
limit is 33 degrees at either node, or a total of 66 degrees 
in which solar eclipses may occur. Then it follows that 
the proportion of solar to lunar eclipses is the same as 
66 bears to 43 or as 11 to 7. 

Seaaoti of Ecltpaea. 

We have already learned (page 55) that the time from 
one node to another is 173 days. If a new moon occurs 
near ascending node and eclipse the sun, in 173 days fol 
lowing, full moon will occur near the descending node 
and she will pass into the earth's shadow and be eclipsed. 
Last year, 1881, the moon's nodes occurred about June 
11, and December 1. This year, 18S3, they occur shout 
19 days earlier, or about May 23, and November 11, and 
so continue from year to year, owing to the falling back 
of the moon's nodes. 

The Solar Ecliptic limit 33 degrees, is equal in time 
to 36 days. So an eclipse of the sun may occur 18 days 
before or 18 days aftt-r the moon's node, which, the past 
year 1881, extended from May 23 to June 39 ; while the 
solar ecliptic limit for the opposite node embraces the 
time from November 12 to December 18. 

The Lunar Ecliptic limit 31 degrees, is equal to 33 
diiys, thus an eclipse of the moon may take place at any 
full moon occurring 11 j^ days before or after the node. 
Thus the Lunar Ecliptic season is from may 30 to June 
22, and from November 19 to December 13, of the year 
1881. 

The Perioa of EcHpaea. 

By referring to the subject of the moon's nodes (page 
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M) we Had the nodes are not fixed, but have a retrograde 
movement on the ecliptic, nearly 20 degrees every year, 
or at a rate that will carry them clear around the ecliptic 
in ahout 18 years, 5 months. If we mark carefully the 
position of the nodes on the ecliptic now, and note the 
eclipses that occur for 18 years, 5 months, and record the 
result, and observe the phenomena for a like period fol- 
lowing, we shall find the eclipses for the latter period 
almost Identical with those of the first Knowing this the 
astronomers are able to foretell eclipses to the very day 
and hour a hundred years in advance of their occurrence 1 
These periods are called the Saros or Period of Eclipse. 

ECLuation of TUma. 

Sidereal, Sotar and Jlfe«m Time. 

Time is a measurement of duration. One of the first 
objects of astronomical study was to find a standard for 
the measurement of duration. For this purpose the ap- 
parent diurnal revolution of the sun marked the begin- 
nings and endings of the standard days ; while this did 
not mark duration into uniform periods of lime, it was 
found to be sufficiently accurate for the civil, and the 
crude astronomical uses of the earlier days. The sun-dtal 
served to mark the subdivisions of the day ; but as the 
dial was useless in the night time or in cloudy weather, 
a more reliable indicator was sought in mechanical de- 
vices, similar to our clocks and watches. The mnkert 
of these were sorely perplexed because they could not 
make their machines " agree with the sun *' for any con- 
siderable time ; because of this, we are told, the makers 
i persecution, and their machines felt into disre- 
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pute, and were little used ; aad where used at all, they 
merely supplemented the sun-dial, by which they were 
" regulated " from time to time. 

It was soon dbcovered that the sun days were not of 
uniform length, and that the machines were the better 
time- keepers. The causes of this variation will be ex- 
plained before we leave the subject. 

Tht Sidereal Day is the period that elapses between 
two successive transits of any fixed star ; this period is 
unvarying. The length of the sidereal day is 34 sidereal 
hours, or 33 hours, 56 minutes, 4 seconds of "meantime." 

The Solar Day is the period that elapses between two 
successive transits of the sun ; this period varies in length, 
being sometimes more and sometimes less than 34 mean 
time hours. Thus it is that the clock and sun do not 
agree. 

The Mean Day or the Mean Solar Day is the aver- 
age length of all the solar days of the year, and is of 
course unvarying in length, and is the standard civil day 
which our clocks and watches are made to keep. The 
mean day is 3 minutes 56 beconds longer than the sid- 
ereal day. 

The varying lengths of the solar days depend upon 
two causes : 

1. The unequal velocity at -which the earth travels in 
its orbit, 

3. The inclination of the equator to the ecliptic. 
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1. To JUuatrate that the Unequal raocOy of th« 
Earth in ita Orbit ia a Catue of the Existing 
Variation of the Lengths of the Solar Days. 

Arrange the globe as shown in cut 2, page 36, and 
proceed as follows : 

Bring the calendar index to the 31st of June ; rotate 
the globe upon its axis until the prime meridian is under 
the pointer L ; extend the pointer £. until it is within 1-16 
of an inch of the globe. Move the globe forward in its 
wbit an entire revolution, and observe that the pointer I, 
is by this movement carried from west to east across the 
meridians at a rate that will carry it clear around — 360 
degrees — in one year of 365 J^ days (about), or a trifle 
less than a degree a da}', on the average. This distance 
is equal in time to 3 minutes 56 seconds. 

Rotate the globe upon its axis from west to east^ and 
observe that this movement carries the pointer L across 
the meridians from east to -mest at a rate that will carry 
it clear around in one day ; so it follows that while the 
daily rotation is carrying the sun's vertical ray 360 de- 
grees from east to west, the forward movement of the 
earth in its orbit is carrying it back nearly a degree 
(about 59 minutes of distance), from ivesl to east. There- 
fore, the earth must turn more than once upon its axis to 
complete a solar day. This little " more " in a year 
amounts to 360 degrees, a revolution. So, the truth is 
apparent that the earth must turn 366 times upon its axis 
to complete 365 solar days ; or 366 sidereal days are 
equal to 365 solar days. 

If the movement of the earth in her orbit -were uni- 
form day to day throughout the year., the variation 
■mould be uniform^ and the solar days -mould be of equal 
length. 
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As the orbital movement of the earth is not uniform,* 
and the daily revolution is uniform, a variation in the 
lengths of the solar days must follow. 

a. To lUuatrate that the Inclination of the Equator 
to the Ecliptic is a Cau»e of the Existing Varia- 
tion in the Lengths of the Solar Days. 
Arrange the globe as shown in cut 2, page 36. Bring 
the calendar index to the 20th of March, rotate the globe 
upon its axis until the ecliptic lies in a horizontal plane. 
A^ the pupils to observe : That the equator and the 
ecliptic are both great circles, and that a degree of one 
is equal to a degree of the other. That the earth rotates 
in the direction of the plane of the equator. The verti- 
cal sun travels on the ecliptic, a. Move the globe for- 
ward in its orbit a few degrees, and observe that this 
movement has carried the pointer £. so many degrees 
east and north on the ecliptic, but has «o^ changed its 
longitude to so great an amount as would have been the 
case if all the movement had been directly east, or ■with 
the rotation, instead of being at an angle to it. Bring 
the calendar index to March 30, rotate the globe until the 
prime meridian is directly under the pointer L ; move 
the globe forward in the orbit until the pointer L, tracing 
the ecliptic, is brought to the 10th parallel. Observe 
that the orbit movement has carried the sun east and 
north \ rotate the globe slowly on its axis from west to 

•The TdodtT at which ■ pUnel ItitiiI* dcpcndi upon lu dilbuiM from Uie 
■oD. ThgnaucT lalhB (un thuK'siWi lihli kCtriction, and the iptalerUH 
velocity mutt be to keep the plinet from Roiag to him. The orbit of the ijuth 
UueUipH,aDd theiun iiaituited in one of the foci. In niHdience to thii 
law du cudi travels fattv when near perihelinn (Dec., Jan., Feb.,} thu when 
■iurBfdiei:on(JuneJi>lT.Au^.] other Ihinir-i beinK equal, it fiillawi that the 
•alar daja are lonjKi In Wluler thui in Summer. 
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east, and observe this movement carries the pointer L 
back to the prime meridian not on the line of the ecliptic, 
but following the parallel. Thus the orbital movement 
carries the sun forward on an an^le, and the daily rota- 
tion brings it back on a straight line describing two lines 
of a triangle, of which the ecliptic is the hypothenuse, a 
parallel of latitude and the prime meridian being the 
other two sides. 

Owing to. the angling movement about 1-12 of the 
displacement is lost, thereby shortening the solar day 1 -12 
of 3 minutes 56 seconds (the average displacement), or 
about 20 seconds, b. Move the globe forward to the 
position it occupies about the 1st of June, and observe 
that from this time until about August 1st the movement 
oi the sun on the ecliptic is nearer in the direction of 
the rotation than in March. Also, that a degree on the 
ecliptic is greater than a degree upon the parallels to 
which the sun is, at this season, vertical, and the daily 
rotation is slower,* Owing to this, about 1-12 of this 
displacement is gained, thereby lengthening the solar 
day 1.-12 of 3 minutes 56 seconds, or about 20 seconds. 

The Tides. 

Z%« Subfoined Explanation of the MathetnaH4!» 
of the Tidal Movements ts by Prof. E. Colbert, 
the well known Aatrononier of the CMcago 
Tribune, 

The waters of the ocean are in ceaseless motion, rising 
and falling twice in each lunar day, or about every 25 

•Tha nufsce ot the cirth at tba eqaatw tnv*l> fiMer lo iti dinnul Botion 

ihaa the »iirfjic« at (he Uie tropica, bels^ neu'b' sfd^l*!" fartktr fma the 
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hours. The rising of the waters is called thejtow or 
good tide, and the falling of the same the ^66 tide. The 
height to which the waters rise through a number of 
succeeding tides is not uniform, as will be explained here- 
after. The greater are called Spring, and the lesser 
Neap tides. THe waters act in obedience to that one 
universal taw of gravity, which may be expressed as 
follows ; 

Ail bodies attract all other bodies throughout space 
directly in profortion to the quantity of matter they con- 
tain, and inversely as the squares of the distance be- 
tween them. We may further add that the force of at- 
traction is exerted in the direction of a straight line join- 
ing their centers of gravity. The subjoined example 
will explain the application of this law. 

Let two bodies be placed ten feet apart, the weight of 
A to be 3 tons and that of B 1 ton ; their attraction for 
each other is directly as their matter, or as 3 is to 1. 

X^et 10 equal the power of attraction of A for B and 
5 equal the power of attraction of B for A. Separate 
the bodies 20 feet ; they now attract each other in the 
same ratio, i. e. !} to l,but ^ith diminished power. The 
square of the first distance (10 feet) is 10 x 10 = 100. 
The square of the second distance (30 feet) is 30 X 30 
= 400. According to the law above given the attract- 
ing power of A and B in the two positions is inversely, 
as 100 is to 400, or directly, as 400 is to 100, or as 4 to 1 
in the respective distances of 10 and 30 feet. Thus we 
see that at 10 feet the attractive power is four times 
greater than it is at 30 feet. If, as stated, the attracting 
power of A for B at 10 feet is 2, at 30 feet it is 3 -i- 4 
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= f or i- For B at 10 feet the power is 1, at 30 fcet it 
islH-4=}i. 

The average tide producing influence of the moon as 
compared with that of the gun is nearly as %y^ is to 1. 
The tides in open ocean do not rise to exceed 5^ feet, 
while in the breakers of the tidal wave as it reached a 
continent the water rises very much higher. In the 
Bay of Fundy, the waters sometimes rise nearlv 100 feet. 
At Boston the tide is usually about 14 feet. 

The tides of our oceans are due to the difference be- 
tween the attractive force exerted by the moon and sun ; 
on the earth as a whole, and on the waters at her sur- 
face. The following explanation of the theory of the 
tides only applies strictly to such parts of the ocean sur- 
face as are not rear to considerable masses of land sur- 
face. The retardation of the tidal wave in moving 
through shallow water, with the changes in its direction, 
speed, and volume, caused by contintnts and islands, are 
matters which belong more to physical geography than 
to astronomy. It may be well to note, however, that 
even in tht- deep waters of the mid Pacific, the tidal wave 
is retarded by the same cause that makes it travel behind 
the moon instead of keeping directly under her ;— fric- 
tion. The tide wave that gathers on the eastern side of 
the Pacific Ocean follows about two hours behind the 
moon, and occupies about 40 hours in passing round to 
our Atlantic coast ^ — less than a cercumference of the 

Let M represent the position of the moon ; A D the 
earth, and E its center. If we take E A, or E D, the 
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earth's radius, as unity, then, for the least possible dis- 
tance of the moon ; MA = 55 ; ME = 56 3- and MD 




Let m denote the measure of the moon's attractive 
force at the unit of distance ; it equals about 375,800 
feet. Then the disturbing force on the water at A will 
he measured by 



(55)' - (56)' V- 



4.40 feet. 



Similarly ; the moon's disturbing force on the water 
at D is measured by : 

(5^ — (67)' ; = 4-17 feet 

We may also calculate that jMf ~ 4*^8 ; which is 
the mean of the above results, and is the mean tide due 
to the moon acting at her least possible distance. The 
calculation gives 0-12 more for the tide under the moon, 
and 0*11 less for the opposite tide. The differences are 
really much less than this ; owing to the fact that the 
crests of the two tides are at a and d instead of on the 
line AD. In the open ocean they lag about 13 degrees 
behind the place of the moon, and its opposite ; and are 
still more retarded when they meet with land massett. 
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The greatest possible disUnce of the moon from the 
eanh's center is about 64 times the earth's equatorial 
radius. Calculating as before, we have : 
m m 

Direct tide = Jggjt — [g^ ; = 2-94 feet. 

0|^>orite tide = Tgjji — /gsji ; = 2'80 feet. 

Mean tide = jg^ ; ^ 2-87 feet. 

In this case, as in the other, the tide equals %m divided 
by the cube of the relative distance ttata the 
earth's center, plus and minus a small quantity. AS 
perturbations due to the force of attraction vary inversely 
as the cube of the relative distance, plus or' minus a 
correction which decreases with an increase in the rela- 
tive distance. 

The least and greatest distances of the moon in her 
(average) orbit, are about 67 and 63j^. These corre- 
spond to 4-06 feet, and 2-94 feet respectively. Half the 
sum of these two is 3-5 feet, which is about the average 
height of crest of the lunar tide wave in the open ocean. 

The sun also causes a tide. Our distance from him 
when in Perihelion Js 23,020, and when in Aphelion 
23,805 times the earth's equatorial radius. The value of 
fn, for these assumptions of distance of the sun, is 
8,900,000,000,000, nearly. The resulting values of the 
solar tide are 1-44 and 1-30 feet ; average 1*37 feet. 

The lunar and the solar tides move after the place of 
their respective causes in the heavens, as the earth turns 
round under them. At the times of New and Full 
Moon the two forces coincide, and the united tide is equal 
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in magnitude to the sum of the two : being (4*06 + 1*44) 
=5-50 feet, when the enrth is nearest to sun and moon ; 
and (2-94 + 1-30) =4-24 feet,, whpn both are at their 
greatest distance. When the moon is in her first or third 
quarters, the depression caused by the sun. coincides with 
the elevation caused by the moon ; and. the, tide varies 
from (4-Oe — 1-30) = 2-76 feet, when the moon is in 
perigee and the earth in aphelion, to (2-84 — 1'44) =^1*6 
feet, when the moon is.in apogee and the e^rth in peri- 

, The crest pf each direct tide is theoretically 40 to 45 
degrees Or about 3 hours 50 minutes, iaie on the parallel 
of latitude corresponding to the declination of body caus- 
ing the tide. That is, if the moon be in 30 degrees north 
declination, the direct lunar tide wilt be in 30 degrees -of 
north latitude. The crest of the opposite tide is, simi- 
larly, moving in latitude opposite to the declination. Let 
M denote the angular distance of any point on the earth's 
surface from the crest of the lunar wave at a given mo- 
ment ; IV its angular distance from the crest of the solar 
wave at the same inslant ; .<4,.the height of the lunar 
crest ; and £, the height of the solar crest.- ' Then the 
height of the tide at the designated time and place, will 

A. COS. (3 u) + 5. cos. (3 w) : 
remembering that the cosine of an angle greater than 
90 degrees and less than '270 degrees, is essentially 
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pounds would weigh oo'lhe MonnlBa Iba . aa her density la but sbont ball (bat 
of Earth. The Earth belm; larger tbaa her sstelllta, ws oao see mora than 
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bMll h«F sarfwe. uj K-IM, The dlOerenoa In heat on Oie Hooo kt noon and 
mldnlfilit la MM deitneg. Tha Uoon slTC* ns only l-nB,00() <w rnnoh Uoht u 
tbeStm. The Bkr toll oCMocoawoald not itlTenadarU^t. 

Haiu. — The EoQTtli plmn«t Df the «TBtem hftfl ft ^enr of aboni AST diTi; dlA- 
tanoe troa mn, Ul million mller; diuueler, t,31I milea. It hu two nuxnui 
da7 ^WDt th« ume u oars; orblisl Epeed, Mo miles pec mlnate, 

Jonm.-Ths flWi ptMiet hu 1 mnoni; dLetsnce, MO mlUlon mlln;Tol- 
nme 1-1,000 tliat ol Smi. Bis da^e, eh. SSm. Wn. He h*a lonr uteUltM; dims- 
etec, XfiOOmllm. Hia yeu equla 11 of onrH; VBlocIt^, t§8 mile* ■ mlnala. 

BATWN.^Annool rerotOUon uxnmd the Sim 39^ yeani dUtuioo from Btm. 
881 million mllaa; diameter, 10,0110 mllMiTalanie, TOO Umealhat of EutlL Sen- 
rity, less (has that of anx other heaTonly body, or len than mter. ttaj, 10b. 
14m. at*. ltl«the most remft>kBbl« planet on aeoomit of Ite belt and B aateUitH. 

ITuiiTre.— RerolTea abool the Snn In St yearsi diameter, 50.000 kllomatreai 
baa two known aatellltea;li distant from Sun 1,170,000,001) mllee. His jeia li 

dlitanoe la nearly t 
ir, H,O0O kllomettea, 

Th« air roofi n* oier, and retalnlns the beat of the Sun, kaepe nanrm. 
TheBmi'a oonatant fome delayed on the earth la eqnal to MS trlUlo£ of 
euttlUMOtUOboriepowet MiU, woiUng day uidjilflhtl A man wal^fhing 160 
Iba. on earth, welgha 3M on Japlter. 

Earth la SjUCOOO miles iwfiai to ion In winter than Id amsmer. Henoe <t 

SPAim haa probatdy no realaUng medlam ; tta tamparatore la a 
8i*Bg below tero. 

LiaHT goea 1SS,000 mlln a aeoond. 






The diameten of the uterolde are from 20 to UO mllee, Uan of all of 

Araeo tblnki there are abont IN million oometa traversing onr EyBl«m. 
They ere IhonKht to be fluid or lapor. 

Btabs.— There are abont 1,000 Tidbte In the whole beaTena, both north and 
•anth. There are 30 of tha let meRnltDde, es of the lod, MO ol the Bid, NO of 
the »h, 1,100 of Uie»tb,S,aMot the Sth. Bn( of the Tth masnltDd* there >re 
13,000 aiera, the «th M,000, the 0th Itl,oao. In the Hllky Way there are IB 

Wlfr Way, how wonderful the works of oroatlon, and bow JnetenlfleaBt rela- 

dred'aod fifty yeare to make tbejoamey fnnu the earth to Uu 

If an Infant had an arm leng enoUKta to enable him to touch the ann w](b 
hti Onsei, It would be more Om IM yeara before he knew that he had batlCed 
hlnuell. Vet the matnlal of q)* atm la lait one-tootth as heavy as (hat of tha 
earth. Benoe It wonid require bat 8K,00D earUia like oura to make a body aa 
heavy oa the ann. The ann rotates o« its aila <s>M In every twenty-five days. 



Iwsy were built to the sdu, and trains upon It were run at the tele ot / 
day and nigbt without a atop. It would reqalre three hun- J 
o make tbe>>amey bom the earth to the eun. '-'^• 



aila <s>M In every twenty-five days. 

_._,BBe,OOOmllas. Benoeatasi '-■ 

LtflotlOS,«m miles per day, t,300 mlle«i 



ud one inlle and 1^100 of amile for e 
one hundred and fifty pounds hare would welvb more than two tons on the snn, 
and would be omshedin desth by bin own weight. Theaiin's ffurtaoe Is 180,000 
Umea as bright as a eandle, and lorty-sli times as brlitht as the OBlolnut ll^L 
The wind at the enrtaee of the aoa oflan blowe with a veloolty of from one 
to three hundred milea a second. 
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READ THE 

Opinion of Capable Judges: 

" Headqvartkrs Illinois Tbachbrs' Association, 
Springfield, Dec. 29, i^. 
" A. H. Andrews & Co., 

"GaUltmen : — Your new Lunar Telluri«n Globe isa 
Eplendid apparatus for cla»s use In llluBtratlng Mathematical 
Geography, The relalionships of the earth, sun and nidon are 
well and clearly shown. The Globe has more merit and Tewer 
defects than any similar apparatus we have ever seen. It Is a 
credit to the inventor and manufacturers. Yours respectfully, 
** M. L. Seymour, of Normal University, Bloomlngton. 
"E. A. Gastman, Supt> Schools, and President Illinois Teachers' 

Aasociation. 
"D. S. Wentworth, Prfncfpal Cook Co. Normal School, Engie- 

wood, III. 
"Henry L. Boltwood, Principal Ottawa Township High School' 

Ottawa, 111. 
"M. Andrews, Supt City Schools, Galesburg, III. 
" Leslie Lewis, Supt. Schools, Hyde Park, 111. 
"J. Pike, '• " JersejviUe, III. 

« W. H. Williamson, Prin. Schools, Havana, 111. 
" R.TV.IUthewB, " " Chester, III. '. . 

"Geo. Blount, 9a^ Schools, Macomb, III. 

Letter from Prof: E. COCbBRT, ABtranomer of tk« Chkafo 
TrlBtae. 

ChIcaoo, III., May, 3. 1881. 
A. H. Andrews Sc Co. 

Gtnfletnen: — I have carefully examined your "Lunar 
Tellurian " and am charmed with it. The apparatus may b« used 
to illustrate many of the phenomena that are due to the move- 
ments of the earth and moon, with reference to the sun \ and con- 
veys a much clearer idea of the same than has hitherto been 
obtained by the great majority Of those who have essayed to 
understand them. So far as I know, it Is unequaled. 
Very respectfully, 
■ E. COLBERT. 
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LbTTKRS op CoMMBKDATIOir. 83 

To Whom it May Concern : 

Thia ta to certir^ that we, the und«r»igned teacher* of the 
school of Fartner Township, Defiance Co., Ohio, having made 
u<e of the Apparatus purchaied bj the Board of Education of our 
township last tall, desire to express our ^ifH<ec!atlon of such aids 
to school work, and to state that we do not see how we have got 
alone without them as long a« we have, 

The Tellurian is the incest iUng we have ever seat. The Web- 
ster's Dlctionarj and Cubical Blocks ipeak for themselves. 
Signed: Elmbr E. Herrold, Chas. E. Bkrcaw, 
W. P, Richardson, A. L. Biglow, 

W. S. Johnson, H. D. Ginter, 

W, M. Battrrshrll, Mrs. Eva T. Johitson', 
I. E. Gardnbr. 



GeHlIepun: The Andrews Tellurian purchased last year hy 
our Board has given ub entire satisfaction. Although It was in 
competition with two other globes, we considered ft the moat 
^M^ifcii— d I mm ill 1 1 iif iiTl I think that time will prove the 

Tours rcspectMly, 

C. A. Fykk. 

Favette, Ohio, March 6, 1SS4. 
A. H. Andrews & Co^ 

Gentlemen: Havlni; had opportunity to thoroughly examine 
your school apparatus, I am pleased to say that every school in 
Christendom needa them, or their kind; with them things are 
taught In minutes that without them would require montbi , and 
even then are never comprehended. 

Truly yours, 

J. T. RORICK. 

Wauseon, Ohio, March 6, 1884, 
I have examined the Lunar Tellurian Globe carefully, and 
can not do otherwise than speak of it In very high terms. It is 
simple in construction, eaty of operation, unmistakable In Its 
results. I regard apparatus for the illustration of "Mathematical 
Geography" not only as a valuable acquisition, but as essential to 
the proper presentation and correct understanding of the subject 
For this purpose I know of nothing better than Andrews' Tel- 
lurian Globe. We are using It and are pleased with It 
Very respectfully yours, 

A. G. Crours. 
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S-i Letters nir Commendation. 

Dbarsokn Co., Ins.. July.ii, 1884. 
A. H. Andrbws & Co., 

GtnlUmeH: We have u«ed the Tellurian Globe (n our countr 
for the past year, and, in add-on to many good point* that I 
might mention ae a I'etuli of one year"* eiperience with the 
gwbf, I want to aaj that it has awaicenrd a greater interest in the 
tchools of mj countj, and has done more |^od for both teachers 
and pupil* than any other influence In the aame length of lime. 

1 must admit, howerer, that before the elobe came Into my 
county I was somewhat doubtful as to it* utility in the country 

"'" " '" ""7 "' " " Xri '" 

, J t such a flilobe fs aulte indlspensabl 

country school. 

Any one, after trying the globe as I have done, muBt be of the 
■aitie opinion. The interest that can be aroused among pupils by 
an Intelligent use of the Tellurian Globe la simply wonderful, 
only to be appreciated fuUj after a succeesful trial. 

I am glad to see that you have so simpliGed the Tellurian 
that teachers of ordinary Intelligence can use it without any em- 
tiarrassment. 

H. B, Hill, 
County Superintendent 

A. H. Andrews & Co.: 

I wiah to add my commendation to the many others, of your 
Tellurian globe. A number of your Lunar Tellurians are now in 
use in this county, and are satisfactory in an eminent degree. It 
is neflus ultra. 

Teachers are enthusiastic over it, pupil* are interested In 
what has heretofore been a dry subject, and it is not only lay 
in^ the foundation for a thorough knowledge of mathematical 
geography and astronomy, but it i< doing more, as it create* on 
uie part of the pupils a spirit of original Investigation, and will 
be no em ill means in sccompltshing the great end to be attained 
by a common ichool education, viz., the makingof live, pracb- 
c«l, tlunking men and women. Accept my congratulations on 

Respectfully, 

J. H. McDOWALD, 

Co. Supt Crawford Ox, Wis. 
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